Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



MVois Uo'w. L'.tv. 



2. 




ScienM Libn.ry 



^3/ 



STUDIES ON THE ENCHYTRAEIDAE 
OF NORTH AMERICA 



BY 



PAUL SMITH WELCH 

AB., JanMt Millikio Unnrertity. 1910 
AM., UoiTtrnty of Illinoit, 1911 



THESIS 



Submitted in Partial Fulfilment of tke Requirements for tke 

Decree of 

DOCTOR OF PHILOSOPHY 



IN ZOOLOGY 



IN 



THE GRADUATE SCHOOL 



OF THE 



UNIVERSITY OF ILLINOIS 



1913 



Balletin of the Illinois State Iraboratory of Natural Hittorj. 

Vol. X, Art. III. 






• «• • 






t. • « 



CONTENTS 



PAGE 

Introduction 123 

Key to the genera of North American Enchytrmda 125 

Henlea Michaelsen 126 

Key to species of Henlea known to occur in North America 127 

Henlea moderata n.sp 128 

Henlea urbanensis n.sp 134 

Lumbricillus Oersted 141 

Key to species of Lumbridllus known to occur in North America 142 

Lumbricillus rutilus n.sp 143 

Fridericia Michaelsen 151 

Key to species known to occur in North America 152 

Fridericia dougUuensis n.sp 154 

Fridericia oconeensis n.sp 159 

Fridericia sima n.sp 163 

EnchytrtBus Henle 167 

Key to species known to occur in North America 169 

Enchytraus gillettensis n.sp 170 

The penial bulb as a character in classification 173 

Observations and experiments on Lumbricillus rutilus n.sp 180 

Habitat 180 

Color of living specimens 184 

Locomotion 185 

Relation to light 186 

Relation to desiccation 186 

Thigmotactic response 187 

Behavior with reference to dry and moist surfaces 188 

Relation to temperature 188 

Relation to oxygen 189 

Relation to sewage 193 

Summary 202 

Bibliography 205 

Explanation of plates 211 

Vita 



O 



84726 



Article HI. — Studies on the Bnchytrcoidco of North America* 
By Paui. S. Welch, Ph.D. 



Introduction 

In spite of the fact that the forms belonging to the family JSn- 
chytrceidce are common in many parts of North America, it is a group 
of which little is known. Less than a dozen references constitute the 
literature on the North American species. The writer has been carry- 
ing on investigatipns in this field in Illinois for the last three years, 
and the following paper represents some of the results of this study. 
He wishes to express his indebtedness to Professor Frank Smith, un- 
der whose direction this work has been done. Acknowledgments are 
also due as follows : to the Director of the Sewage Testing Station 
at Chicago, for permission to work in the laborajtories of that institu- 
tion ; to Dr. Arthur Lederer, chief chemist of the Testing Station, and 
to his associates, for the many courtesies extended to the writer dur- 
ing his work at that place ; and to Professor S. A. Forbes, for ma- 
terial from the collections of the Illinois State Laboratory of Natural 
History. 

The Enchytrcsidce, as known at present, include sixteen genera 
and a large number of species. The family is wide-spread in its dis- 
tribution, being common in various parts of the American continent, 
generally distributed in Europe, and reported from Siberia, New Zea- 
land, and North Africa. It appears, however, to be largely confined 
to the cold and temperate regions of the world. Specimens of the 
family have been met with upon the ice of the glaciers ; and twenty- 
seven species have been recorded for Alaska. The warm sections of 
the globe apparently have a very limited enchytraeid fauna, since only 
a small number of species have been reported from them. Enchytraeids 
are found in various kinds of situations. Many are terrestrial, some 
are aquatic, and others are reported as being amphibious. Although 
the majority of the aquatic forms are fresh water species, several 
species are found in marine situations. BnchytrcBtdce are quite similar 
to the earthworms in some respects, having (i) the simple setae, (2) 
the wide separation of the spermathecae from the spermiducal pores, 
(3) paired or unpaired glands comparable to the calciferous glands 
of earthworms, and (4) the thick body wall. In other respects they 

'Contributions from the Zoological Iraboratorj of the University of Illi- 
nois, under the direction of Henrj B. Ward, No. 26. 
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resemble the lower Oligochceta, viz., in ( i ) the presence of numerous 
lymphocytes in the ccelomic fluid; in (2) the limitation of the sperm 
ducts to two consecutive somites, one of which contains the internal 
opening and the other the external opening; and (3) in the reduction 
of the oviduct to a mere pore. 

Michaelsen ('00, p. 66) defines the family as follows: "Borsten 
stiftformig oder einfach hackenformig, ohne deutlichen Nodulus, ger- 
ade oder schwach S-formig gebogen, einfach-spitzig, meist zu meh- 
reren (3-12) in facherformigen Biindeln, selten zu 2, einzeln oder 
ganz fehlend. Kopfporus vorhanden. Nephridialporen vor den ven- 
tralen Borstenbiindeln. Giirtel am 12. Segm. und liber mehr oder 
weniger grosse Teile der benachbarten Segm. Mannliche Poren i Paar, 
am 12. Segm., vor den ventralen Borstenbiindeln; weibliche Poren i 
Paar, am 13. Segm., vor den ventralen Borstenbiindeln; Samentasch- 
enporen meist i Paar, auf Intsegmtf . 4/5, selten 2 Paar auf Intsegmtf . 
3/4 und 4/5. Darm mit dorsalem Schlundkopf, durch den mehrere 
Paare Septaldriis^n, vor dem Dissep. 4/5 und einigen folgenden gele- 
gen, ausmiinden. Blutgef asssytem einfach ; Riickengef ass nur im Vor- 
derkorper, mit dem Bauchgefass durch wenige, meist 3, Transversal- 
gefasspaare verbunden. Meganephridisch ; Nephridien mit massigem 
Postseptale. Hoden an Dissep. lo/ii; Samentrichter mit dicker, 
driisiger Wandung und engem Lumen"; walzen oder tonnenformig, 
selten schief trichterformig, vor Dissep. 11/ 12. Ovarien an Dissep. 
11/12; Eitrichter rudimentar, an Dissep. 12/13; Eier gross, dot- 
terreich, einzeln oder zu mehreren in Cocons abgelegt. In einzelnen 
Fallen samtliche Geschlechtsorgane mit Ausnahme der Samentaschen 
um 3 oder 4 Segm. nach vorn verschoben." 

The EnchytrmdcB are fast coming to be one of the larger families 
of Oligochceta, The sixteen genera* of the family are as follows: 
MesenchytrcBus Eisen, Bnchytrceus Henle, Michaelsena Ude, Lumbri- 
cillv^ Oersted, Marionina Michaelsen, Buchholzia Michaelsen, Ster- 
cuius Michaelsen, Bryodrilus Ude, Henlea Michaelsen, Fridericia 
Michaelsen, DisHchopus Leidy, Achceta Vejdovsk;^, Propappus Micha- 
elsen, EuenchytrcBUs Bretscher, Hepatogaster Cejka, and Hydrenchy- 
trceus Bretscher. 

The genus Chirodrilus Verrill has been the subject of some dispute. 
Both Vejdovsk^ and Vaillant classed it with the TubificidcCj while 

♦Since this paper was written and presented for publication three new 
grenera have been described from the Old World, namely, Qrania Southern, 
Litorea Cejka, and Chamcsdrilus Friend. A number of new foreign species 
have also been described, so that the numbers of species now assigned to 
Henlea, Lumbricillus, Fridericia, and Enchyirceus slightly exceed those given 
in the body of this paper. 
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Beddard ('95, p. 314) and Michaelsen ('00, p. 88) classed it among 
the EnchytrceidcB. Later, Michaelsen Co3b, p. 50) included it with the 
Tubi/icidce. As there seems to be good ground for putting it with 
the TubificidcB it has been omitted from the above list. 

The abundance of enchytraeid li^ in North America is indicated 
by the fact that in spite of the small amount of investigation which 
has been made in this group, nine of the above-listed genera are known 
to have representatives on this continent, and it seems safe to predict 
that future investigation will reveal still other genera. An indication 
of what further studies may yield is afforded by the work of Eisen 
on the Pacific coast, where random collecting gave material from 
which he described forty-eight new species distributed among eight 
genera; and in his introduction he states that he had at the time of 
writing some fifty or more additional new species from the same 
region, the description of which was temporarily prevented by un- 
avoidable circumstances. 

Of the above-listed genera only Distichoptis, which was described 
by Leidy in 1882 from the eastern United States, is, so far as our 
knowledge goes, limited to North America. The following genera are 
represented in this country: Mesenchytrceus, Enchytrceus, Michael- 
sena, Lumbricilhis, Marionina, Bryodrihis, Henlea, Fridcricia, and 
Distichopus. 



Key to the Genera 0^ North American ENCHYTR^miE 



I (2) 
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8 (7 
9(10 

10 (9 

11 (12 

12 (11 

13 (14 



14(13) 



Setae not disposed in bundles ; occur singly when present ; usu- 
ally absent from many of the somites Michaelsena 

Setae disposed in bundles. 

Setae disposed in two bundles on each somite Distichopus 

Setae disposed in four bundles on each somite. 

Dorsal pores present Fridericia 

Dorsal pores absent. 

Oesophagus merges suddenly into the intestine Henlea 

(Esophagus merges gradually into the intestine. 

Setae straight and of equal length Enchytrceus 

Setae sigmoid. 

Testes plurilobed Lumbricillus 

Testes undivided. 

Origin of dorsal vessel intraclitellar ; blind diverticula in con- 
nection with alimentary tract somewhere in VI— VIII 

Bryodrilus 

Origin of dorsal vessel postcHtellar ; no diverticula in connec- 
tion with anterior part of alimentary canal. 
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15 (i6) Nephridia with a wide, closely wound canal and slight inter- 
mediate substance Mesenchytrcms 

i6 (15) Nephridia with narrow, loosely wound canal and well-developed 
intermediate substance Marionina 

HENLE5\ Michaelsen 

The genus Henlea was established by Michaelsen in 1889, and al- 
though it includes a somewhat heterogeneous assemblage of species, 
there does not seem to be at present sufficient grounds for breaking 
up the genus into different generic types. It is distinguished from the 
other genera by the following characters : ( i ) the sudden change in 
the diameter of the digestive tract where the oesophagus passes into the 
intestine; and (2) the anteclitellar origin of the dorsal vessel. As a 
rule there are diverticula at the beginning of the intestine. The nearest 
relative of Henlea is BryodrUus, although Buchholzia also stands close. 
Michaelsen ('03b, p. 51), in discussing the phylogeny of the Enchy- 
trceidcB, placed Henlea at the base of the system, as the most primitive 
genus, on the ground that the forms belonging to this g^oup show the 
greatest diversity in the character of the setae. Later the same writer 
( '05c, p. 24) described a new genus, Propappus, which is in a number 
of respects more primitive than Henlea, and must be reg^arded as the 
oldest of the known enchytraeid genera. One of the striking charac- 
ters of Propappus is the presence of forked setae. 

Forty-two species and two varieties are assigned to Henlea at the 
present time. Of this number seven are doubtful, either as regards 
their being valid species, or on account of their generic assignment. 
The following seem worthy of mention. H. lefroyi, described by^ 
Beddard ('05, p. 62) from India and placed provisionally in this genus, 
is said to have a dorsal vessel of intraclitellar origin, the intestinal di- 
verticula lacking, and the oesophagus transforming gradually into the 
intestine. Beddard found it possible to eliminate, by other characters, 
all of the genera except BryodrUus and Henlea. He places the species 
in Henlea because the characteristic intestinal diverticula are some- 
times absent — a reason which is open to question. H, scharfR, de- 
scribed by Southern ('loa, p. 18) from the White Mountains and 
placed provisionally in this genus, is described as lacking intestinal 
diverticula, and the oesophagus as passing gradually into the intestine. 
The anteclitellar origin of the dorsal vessel seems to be the only good 
ground for placing the species in this genus. 

Taking the genus as a whole, there is a remarkable variation in 
the different org^s. H. puieana Vejdovsk^ is unique in having two 
pairs of spermathecae. The species of the genus can be grouped in 
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one of several ways according to the criteria of classification, which 
may be the character of the setae, the presence or absence of intestinal 
diverticula, the presence or absence of peptonephridia, the place of 
origin of the dorsal vessel, or the presence or absence of ampullae on 
the spermathecae. 

Of the assemblage of species included in Henlea, four species and 
two varieties have been described from North America. They are as 
follows, the type locality for each being given : H. calif ornica Eisen 
(Santa Rosa, Sonoma Co., California), H. calif ornica, var. monticola 
Eisen (West Fork, Feather River, California), H. calif ornica, var. 
helencB Eisen (St. Helena, Napa Co., California), H. ehrhorni Eisen 
(Mountain View, San Mateo Co., California), H. guatemalcB Eisen 
(Guatemala City, Central America), and H. scharfK Southern (White 
Mountains, New Hampshire)-. Two new species, H. moderata and 
H. urbanensis, are described in the following pages. 

Leidy (Journ. Acad. Nat. Sci. Phil., ser. 2, Vol. 2, 1850, p. 48) de- 
scribed a species under the name of EnchytrcBUS socialis from eastern 
Pennsylvania. The description is so inadequate that it is very un- 
certain what the species is. Michaelsen ('00, p. 69) regards it as a 
synonym of Henlea ventriculosa Udek., and there appears to be evi- 
dence in favor of this view. It thus appears that H. ventriculosa may 
be added tentatively to the list of North American species of this 
genus. 

Michaelsen ('00, p. 67) defines the genus as follows: '^Borsten 
gerade oder schwach S-formig gebogen. Kopfporus klein, zwischen 
Kopflappen und i. Segm. ; Riickenporen fehlen. Lymphkorper von 
einerlei Gestalt, gross, meist discusformig, selten elliptisch, dunkel 
granuliert. Der Oesophagus geht im 7., 8. oder 9. Segm. plotzlich 
in den weiten Mitteldarm iiber. Ursprung des Riickengefasses ante- 
clitellial, im 8. oder 9. Segm.; Blut farblos; Herzkorper fehlt. 
Nephridien mit kleinem, einfachem Anteseptale. Hoden massig. 
Samentaschen einfach, ohne Divertikel, mit dem Oesophagus kom- 
munizierend." 

Key to the Species o^ Henlea known to occur in 

North America 

1 (2) Spermathecae with diverticula ehrhorni 

2 ( I ) Spermathecae without diverticula. 

3 (4) No intestinal diverticula present .scharfH 

4 (3) Intestinal diverticula present. 

5 (14) Two intestinal diverticula present. 
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6 (i3) Spermatheca with ampulla having a diameter little or no greater 

than duct ; anteseptal part of nephridium small. 

7 (12) Dorsal vessel arises in VIII; peptonephridia connected with 

digestive tract in IV. 
8(11) Two accessory glands at ectal opening of spermathecal duct; 

spermathecae slightly bent. 
9 ( 10) Brain wider than long, concave anteriorly and posteriorly ; 

spermathecae with lumen approximately strsight, , calif ornica 

10 (9) Brain almost square with only posterior margin concave; 

spermatheca with an expansion in lumen for storage of 
spermatozoa which is connected with lumen of intestine by 
a long narrow contorted canal californica, var. helenw 

11 (8) Four or more accessory glands at ectal opening of spermathecal 

duct; spermathecae sharply bent., .californica, var. monticola 

12 (7) Dorsal vessel arises in IX; peptonephridia connected with di- 

gestive tract in V urbanensis 

13 (6) Spermatheca with well-developed oval ampulla; anteseptal part 

of nephridium approximately as large as postseptal part.... 
guatemalcB 

14 (5) One intestinal diverticulum, which in VIII completely surrounds 

the digestive tract moderata 

HENI.EA MODERATA n. Sp. 
(Plate VIII, Figs. 1-12) 

Definition, — Length, 13-19 mm., average about 16 mm. Diameter, 
0.48 mm. Somites, 46-58. Color, whitish yellow. Prostomium some- 
what tapering. Head pore at o/I. Dorsal pores absent. Setae of 
unequal length, inner ones slightly shorter; slightly bent; variable in 
size, inner ones finer; 3-6 per bundle in anterior part of body, 2-4 
in posterior part. Clitellum on J/^XI-XIII. Lymphocytes elliptic- 
al. Brain about one half longer than wide; anterior margin con- 
cave; posterior one deeply emarginate; lateral margins convergent 
cephalad. Peptonephridia present and well developed, connected with 
digestive tract in V ; dorsal and ventral strands in close contact with 
alimentary canal ; ventral strand in VI and VII gives rise to a number 
of tubules which project into coelom. Four "taste organs'' in buccal 
cavity, each one provided with a muscular strand which extends to 
the body wall. CEsophagus passes abruptly into intestine in VIII. 
Intestinal diverticulum present in VIII, entirely surrounding digestive 
tract; composed of numerous tubules which ultimately unite into 
about twelve main tubules, by means of which connection with diges- 
tive tract is effected. Dorsal vessel arises in IX. Each nephridium 
with small anteseptal part; postseptal part about two and one half 
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times larger, the efferent duct arising from its anterior part. Spermi- 
ducal funnel small; length about twice the diameter. Spermathecae 
with oval expanded ampulla near ectal end ; diminishing in diameter 
toward ental end ; rosette of four glands at ectal opening ; spermathecae 
unite dorsad of digestive tract to form a short oval tube through which 
they communicate with lumen of alimentary canal in the posterior 
part of V. 

The characters of the penial bulb are discussed on a later page. 

Described from ii sexually mature specimens. Type and para- 
t)rpes in the collection of the writer. Paratypes also in the collection 
of Professor Frank Smith. 

The specimens which are the basis of this description were found 
in late March, 191 1, near Urbana, Illinois, in rich soil, under decay- 
ing leaves in undisturbed forest land. All of the specimens are sexu- 
ally mature, showing spermatozoa in the spermathecae, well-developed 
tgg masses in the body cavity, and developing spermatozoa in XI. 

Affinities. — It is somewhat difficult to determine the systematic 
relations of this species owing to the fact that some of the species 
which are included in the genus are quite incompletely described. 
Species which, so far as described, seem to be closely related, might, 
if more thoroughly worked out, reveal characters which would sep- 
arate them widely. However, until these meager descriptions are 
supplemented by further study, one must be content to place each new 
species in what seems to be its natural position. If the minimum num- 
ber of distinct differences be considered, this species seems to approach 
about equally if. gemmata Eisen, H. ochracea Eisen, and H, dorsalis 
Bretscher, but as these are imperfectly described, the assumption of 
this relationship must be tentative. H. gemmata Eisen differs from 
H, moderata in the characters of the setae, the spermiducal funnel, the 
nephridia, the brain, and the spermathecae ; H. ochracea Eisen differs 
in the characters of brain, nephridia, and spermathecae; and H. dor- 
salis Bretscher shows differences in length and in the character of the 
brain. 

EXTERNAI, CHARACTERS 

The body is slender and has an average length of about 16 mm., 
the extremes being 13 and 19. In transverse section it is circular. 
The diameter is greatest in the region of the clitellum, where it aver- 
ages about 0.48 mm. ; posterior to the clitellum the diameter diminishes 
only to a very slight degree. In living specimens the body is opaque 
and whitish yellow. The prostomium (PI. VIII, Fig. 6) shows a 
slight but gradual tapering. The intersegmental grooves are quite 
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distinct in thfe first th^ee to five somites, but elsewhere are obscure. 
The number of somites is variable, the average being about 54, the 
extremes, 46 and 58. The head pore is smsdl and located on o/I. 
The clitellum is on J^ XI-XIII and is usually only moderately de- 
veloped. In the anterior region there are 3-6 setae per bundle, and 
in the posterior region 2-4, usually 2 in the last four or five somites. 
The arrangement of the setae in the bundle (PL VIII, Fig. 3) re- 
sembles that in Fridericia, The outer setae of the bundle are longer 
and heavier than the inner ones, but it should be noted that this dif- 
ference is less than that usually found in Fridericia, In each bundle 
the proximal ends of the setae are in rather close proximity to each 
other and are arranged in transverse linear sequence. Outside of the 
body wall they spread out f anwise. Close examination shows that, 
as in Fridericia, the setae are not arranged in pairs, but represent a 
series of different sizes. The proximal ends are distinctly bent (PI. 
VIII, Fig. 9). 

INTERNAI, CHARACTERS 

Lymphocytes, — The lymphocytes (PI. VIII, Fig 5) are large and 
abundant. Their distribution in the coelom is not uniform; certain 
regions are well supplied, while other regions are almost destitute. 
They begin to appear near IV. The space intervening between the 
septal glands and the reproductive organs is almost completely filled 
with them except in the region of the intestinal diverticulum, where 
they are greatly reduced in numbers. Few if any are present in the 
somites containing the reproductive organs, but beyond them the lym- 
phocytes are always present although not in such numbers as in the 
anterior parts of the body. They are disc-like or broadly elliptical. 
The granular cytoplasm contains a conspicuous nucleus. Measure- 
ments average as follows : length, 0.085 ^^' 5 width, 0.045 ^^• 

Brain— The brain (PL VIII, Fig. i) is in I, II, and III, chiefly 
in II. It is somewhat heart-shaped. The posterior margin is deeply 
emarginate and the anterior margin is decidedly concave. The lateral 
margins converge rapidly cephalad and approach each other closest 
at a point just posterior to the origin of the commissural nerve trunks. 
The posterior part of the brain is approximately 2.y times wider than 
the anterior part. The dimensions are practically uniform, the ratio 
of the greatest width to the greatest length being 6 : 9. The actual 
measurements are 0.108 mm. for the greatest width, and 0.162 mm. 
for the greatest length. In transverse section the organ is elliptical 
in outline. It is attached to the body wall by two pairs of supporting 
strands which arise from its latero-posterior and posterior parts. The 
anterior part gives rise to the usual nerve trunks, which extend for- 
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ward, diverging" only slightly up to the point where they begin to 
pass around the digestive tract. Near this point these trunks divide, 
giving rise to a pair of branches which continue on into the pro- 
stomium. The main pair of trunks extend around the digestive tract, 
forming the circumoesophageal commissures, uniting again on the 
ventral side to form the suboesophageal ganglion, which lies partly 
in I and partly in ll. 

Peptonephridia. — ^Two peptonephridia are present, one arising 
from the dorsal and the other from the ventral side of the digestive 
tract in the anterior part of V. Both extend caudad and adhere 
closely to the alimentary canal, and for a considerable part of their 
extent lie between the epithelial layer and the muscular coat of the 
latter. E^ch is composed of two strands which give off at intervals 
a number of tubules that project freely into the ccelom. In VI both 
the dorsal and ventral peptonephridia become greatly thickened and 
enlarged. Near this enlargement the ventral peptonephridium gives 
rise to a number of tubules which extend around the digestive tract 
on either side. The terminus of each tubule is in the immediate vi- 
cinity of the dorsal vessel. They come into close proximity to the 
dorsal strands but so far as observed do not unite with them. After 
giving off these tubules the strands become reduced to their former 
size and so remain as far as VII, where the ventral peptonephridium 
becomes thickened again and gives rise to tubules which project freely 
into the body cavity. These tubules resemble those in VI in general 
structure but differ in being shorter and fewer in number. They ex- 
tend dorsad on each side of the digestive tract, but do not reach the 
dorsal surface. Both peptonephridia end immediately anterior to the 
intestinal diverticulum, in the posterior part of VII. 

Taste Organs {^'Geschmacksldppchen*') . — This species is some- 
what unique in having four of these organs (PI. VIII, Fig. 8) in- 
stead of the usual number, two. They extend from the floor of the 
buccal cavity, and are products of the lining epithelium and structur- 
ally like it. These tongue-like organs are sometimes directed caudad, 
sometimes cephalad, the direction depending on the state of retraction 
of the pharynx. Four muscle strands, two on either side of the 
median line, are attached to the wall of the buccal cavity at the bases 
of these organs and extend obliquely ventro-caudad to the body wall. 
Vejdovsk^ ('84, p. 99) describes ganglion cells in the bases of the 
"Geschmackslappchen*' which he studied, but they have not been seen 
in this species. 

Intestinal Diverticulum. — At the junction of the intestine with the 
oesophagus, in VIII, there arises a structure which is reflected cephalad 
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over the latter, investing it closely for the greater part of the length 
of the somite. In cleared mounts it appears as a brownish, almost 
opaque, mass filling the greater part of the coelom at the above-men- 
tioned point. It is a single organ with two shallow longitudinal de- 
pressions, one dorsal, and the other ventral, the former being the more 
distinct. Sections (PI. VIII, Figs. lo and. ii) show the organ to be 
made up of a series of branching, rather thick-walled tubules, about 
twelve in number, which extend radially and cephalad. The region of 
the digestive tract (PI. VIII, Fig. lo) from which these tubules arise 
is ciliated, and the basal parts of the lumina of the latter are also 
ciliated. These tubules give off branches as they extend anteriorly, 
until the whole mass of the anterior part of the organ is composed of 
the finer tubules, which lie in very close proximity to each other. The 
walls of these tubules are distinctly nucleated and appear to be com- 
posed of glandular tissue. The whole diverticulum is invested in a 
peritoneal layer, beneath which is a very much reduced muscle layer — 
a continuation of the muscle layer of the digestive tract. The 
perivisceral blood sinus appears at the point of origin of the tubules 
from the digestive tract. This sinus is continued cephalad, and the 
reduced spaces which appear between the tubules of the diverticulum 
are continuations of this sinus. In all of the specimens studied the 
structure of this organ is tmiform in all respects. 

The presence of the mid-dorsal and mid-ventral longitudinal grooves 
suggests the possibility that this organ may have developed from two 
lateral outgrowths from the digestive tract which came together, fus- 
ing at the points of contact; but an examination of the point of origin 
of the diverticulum shows no evidence that it arose as two separate 
parts. 

Dorsal Blood-vessel. — The dorsal blood-vessel arises from the 
perivisceral blood sinus in IX. In some of the specimens it shows a 
conspicuous expansion in IX, immediately after it originates from 
the sinus ; but this is not a constant feature, since some specimens do 
not show it at all, while others show only a moderate expansion. 

Nephridia, — ^The first nephridia are related to V/VI. There is 
some variation in their size and shape in the various specimens and 
m the different regions of the body, although this variation is within 
rather narrow limits. The anteseptal part (PI. VIII, Fig. 2) is re- 
duced in size, the postseptal part being about two and one-half times 
larger. The efferent duct arises near the septum and is longer than 
the postseptal part. 

Spermiducal Funnel, — ^The small spermiducal funnel (PI. VIII, 
Fig. 4) is situated in the posterior part of XI, with its base in close 
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proximity to the lower part of XI/XII and with its long axis almost 
parallel to the long axis of the body. The whole organ lies close to 
the ventral body wall. It varies in shape within narrow limits, but 
in general it resembles an elongated barrel. It also varies some- 
what in dimensions, but the length averages about twice the diameter. 
The anterior end has a well-differentiated collar which is set off from 
the body of the organ by a constriction. This collar varies in the 
degree of the reflection of the margin, which is sometimes about 
1 80° and sometimes only about 45°. The anterior opening is in close 
proximity to the extremity of the testis. The sperm duct passes 
through XI/XII very near to its union with the body wall. It is 
long, much coiled, and confined to XII. 

Penial Bulb. — ^This organ (PI. VIII, Fig. 12) conforms to the 
lumbricillid type of penial bulb as defined by Eisen ('05, p. 8), and 
does not differ markedly in structure from that of the other Ameri- 
can species of this genus. It is small, and is not nearly so conspicu- 
ous in transverse section as is usual in other Bnchytrceidce, It is 
covered by a definite musculature, a continuation of the circular muscle 
layer of the body wall, which does not at any point penetrate into the 
body of the btilb. The bulb is composed of two kinds of cells, 
namely, those surrounding and opening into the penial lumen, and 
those which fill the peripheral parts of the bulb, some of which appear 
to open to the surface below the penial pore. The former are elon- 
gated, nucleated, and stain very lightly, and are arranged radially 
around the penial lumen. The peripheral cells are irregularly spindle- 
shaped and tend to take the stain heavily. The sperm duct pene- 
trates the bulb near the ectal side and joins the penial lumen well 
within the body of the bulb. When the penial bulb is retracted the 
penial lumen curves strongly towards the penial invagination, and the 
penial pore is located well towards the base of the latter. 

Ovaries, — ^These organs occur as usual in XII, attached to the 
ventral part of XI/XII. They are massive, filling a considerable part 
of the coelom in XII. The terminal part of each, which bears the 
developing egg masses, is usually pushed up into the body cavity until 
it lies dorsad to the digestive tract. 

SpermatheccB, — A single pair of these organs lies in V. The ectal 
opening of each is laterad in the intersegmental groove IV/V and is 
surrounded by a ntunber of glands (R. VIII, Fig. 7) which form a 
sort of rosette. There is no marked differentiation of duct and am- 
pulla. Within the ectal region, which is somewhat swollen, the lumen 
attains its maximum diameter. This swollen region involves about one- 
half of the entire spermatheca. The diameter decreases entad, the 
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swollen region merging gradually into the duct-like portion which 
extends obliquely across the coelom to a point dorsad to the digestive 
tract, where it bends caudad. It meets and unites with the sperma- 
theca of the opposite side in the posterior part of V, to form the large 
common duct which communicates with the digestive tract. 



HENtEA URBANENSIS n. sp. 

(PI. XII, Figs. 57-59) 

Definition. — Length, 25 mm. Diameter, 0.57 mm. Color, whitish 
yellow. Prostomium blunt and rounded. Head pore at o/I. Dorsal 
pores absent. Setae of unequal length, the inner ones slightly shorter 
and finer; slightly bent; 6-^ (usually 8) in ventral bundles; 4-6 in 
lateral bundles. Clitellum on j4 XI-XIII. L)miphocytes elliptical, 
large. Brain about as wide as long; anterior margin concave, poste- 
rior margin emarginate ; lateral margins divergent caudad. Peptone- 
phridia present and well developed, connected with digestive tract in 
V; dorsal and ventral strands in close contact with digestive tract, 
both showing conspicuous thickenings at origin which extend freely 
into coelom, the dorsal strand giving rise to tubules in VI, and the 
ventral to similar tubules in VI and VII. Two "taste organs" in 
buccal cavity. CEsophagus passes rather abruptly into intestine in 
VIII. Two lateral sac-like diverticula in VIII, the cavity of each 
communicating with lumen of digestive tract by one lateral opening. 
Dorsal vessel arises in IX. Nephridia with small anteseptal and large 
well-developed postseptal part, the efferent duct arising from ventral 
surface of latter near septum. Spermiducal funnel moderate, length 
about two and one third times greater than diameter. Spermatheca 
not strongly developed; no distinct ampulla; diameter greatest in 
region of external opening, where it is surrounded by a rosette of 
glands ; communicates with lumen of digestive tract on dorsal side by 
means of a short channel formed by the fusion of the two sperma- 
thecae at their ental ends ; ectal opening laterad, near IV/V. 

Described from one sexually mature specimen. Type in the col- 
lection of the writer. 

The specimen which is the basis of this description was found in 
late March, 191 1, near Urbana, Illinois, in the rich soil of undisturbed 
forest-land. The specimen is sexually mature, since it shows sperma- 
tozoa in the spermathecae, well-developed egg masses in the body 
cavity, and developing spermatozoa in XI. 
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EXTERNAL CHARACTERS 



The length of the type specimen is 25 mm. The body is long, 
slender, and in transverse section is circular in outline. The greatest 
diameter is in the region of the clitellum, where it measures 0.57 mm. 
The body is opaque and whitish yellow in the living specimen. Un- 
fortunately the data concerning the number of somites have been lost, 
and therefore that point must remain unsettled until additional ma- 
terial is examined. The prostomium is rather blunt and rounded. 
The intersegmental grooves are rather indistinct. The shape and ar- 
rangement of the setae are very much as in Henlea moderata but 
there is a distinct difference in the number of setae per bundle. In 
the first thirteen somites the ventral bundles contain 6^ setae, usually 
the latter number ; the lateral bundles contain 5-6, never more than 
6. The mid region of the body usually has 7 setae in each of the 
ventral bundles and 4-6 in the lateral bundles. The proximal ends 
of the setae are distinctly bent. 

INTERNAL CHARACTERS 

Brain. — The brain is in I and II, chiefly in the latter. The length 
is about the same as the greatest width, the measurements being as 
follows: length, 0.146 mm.; greatest width, 0.142 mm. The 
posterior margin is distinctly emarginate and the anterior margin is 
quite concave. The smallest width (0.125 mm.) is in the region 
of the origin of the commissural trunks. From this point the lateral 
margins diverge caudad as far as the region of greatest width, which 
is about midway of the length of the organ. Thence the lateral mar- 
gins round off gradually into the posterior margin. In transverse 
section the brain is elliptical in outline. One pair of supporting strands 
extends from the sides of the brain to the body wall; another pair 
extends from the two terminal lobes to the body wall. 

Peptonephridia, — ^These organs are two rather complicated struc- 
tures, one arising from the dorsal, and one from the ventral, surface 
of the alimentary canal, in the anterior part of V. They resemble 
those of H, moderata in the general plan of structure, but present cer- 
tain marked differences. The dorsal and ventral peptonephridia are 
quite dissimilar. The dorsal one, at its origin, gives rise to two parts, 
one ental and the other ectal. The ectal part is a large, thick-walled, 
tubular structure, which extends into the body cavity. Immediately 
beyond its origin this ectal part assumes a position parallel to the 
digestive tract and extends caudad for about the length of one somite. 
The ental part has a vcary intimate relation to the wall of the digestive 
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tract, since it lies under the outer coat of the latter. Immediately 
anterior to the third pair of septal glands it gives rise to two irregular 
branching outgrowths, one on the right and one on the left side, which 
escape from the enclosing sheath of the digestive tract and extend 
freely into the ccelom, showing a tendency to lie in close proximity 
to the dorsal blood-vessel. The main part of the dorsal peptonephrid- 
ium continues caudad, maintaining its intimate relation with the 
digestive tract, and ends just anterior to the origin of the intestinal 
diverticula. The ventral peptonephridium is also composed of two 
parts, one ental and the other ectal. The ectal part resembles the 
corresponding dorsal one in structure and mass, but differs in shape 
and distribution. Just beyond its origin it enlarges and extends into 
the body cavity. It is composed of two parts, one of which extends 
cephalad for a distance of about half a somite, forming about four 
fifths of the bulk of the structure, whereas the other extends caudad 
for a short distance. The former is unbranched. The ental part re- 
sembles the corresponding dorsal one in structure and in its relation 
to the digestive tract. Just anterior to the third pair of septal glands 
it gives off right and left branches which project freely into the body 
cavity, extending dorsad around the alimentary canal. These branches 
are in close proximity to the corresponding ones of the dorsal pep- 
tonephridium but do not imite with them. The main part of the ven- 
tral peptonephridium continues caudad, maintaining its intimate rela- 
tion to the digestive tract up to a point just anterior to the intestinal 
diverticula, where it again gives rise to right and left branches which 
extend into the coelom. These branches are similar to the correspond- 
ing anterior ones except that they are not so extensive. The main 
part of the gland, which is longer than the dorsal peptonephridium, 
ends just anterior to the origin of the intestinal diverticula. All of 
the various parts of the peptonephridia have essentially the same 
structure. They are rather thick-walled, tubular, and conspicuously 
nucleated. The peculiarly thickened portions at the origin of the 
glands vary from the other parts in staining capacity, and to some 
extent recdl the peptonephridia in H. leptodera Vejd. as figured by 
Vejdovsk^ ('79, Taf. X, Fig. 2). 

Taste Organs, — A pair of these organs arise from the floor of the 
buccal cavity, one on each side of the median line, and extend out into 
the lumen. They are about 0.057 "^^- ^^^S- The basal part of each 
is somewhat constricted, forming a sort of pedicel, and the remainder 
is spindle-shaped, thick in the middle and tapering to a point at the 
extremity. The body of each of these organs is composed of elon- 
gated, nucleated cells which resemble the other epithelial cells of the 
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lining of that part of the digestive tract in structure and staining re- 
action. The extremities are characterized by the disappearance of all 
traces of cell walls and nuclei, thus presenting a somewhat homogene- 
ous appearance. The entire surface is covered by cuticula. Each or- 
gan is provided with a muscle which extends ventro-caudad from its 
base to the body wall. 

Intestinal Diverticula, — ^The intestinal diverticula comprise two 
lateral sac-like evaginations which arise from the intestine in the pos- 
terior part of VIII. They extend cephalad from the point of origin 
and fill the greater part of the coelom in that region. Their dimen- 
sions increase from the point of origin towards the anterior part of 
VIII. They are somewhat flattened laterally, the greatest diameter 
being in a dorso-ventral direction. The structure of these organs 
(PL XII, Vjg, 59) is very interesting. Each diverticulum contains 
a large central cavity, a continuation of the lumen of the intestine, 
which communicates with it by a single, dorso-lateral, slit-like open- 
ing. Another of the characteristic features of the structure of this 
organ is the intricate folding of the inner lining. The dorsal portion, 
of the side adjacent to the alimentary canal shows but little if any 
folding, but the entire opposite wall is conspicuously folded. This 
folding, which involves most of the thickness of the wall, occurs all 
along the ectal and ventral sides. Examination with high magnifica- 
tion shows a series of blood sinuses which are intimately related to 
the walls of the diverticula. In the anterior part of each organ they 
are inconspicuous, being confined to small spaces in the walls and folds. 
Towards the intestinal connection, however, they become more appar- 
ent, and occupy considerable space between the parts of the walls as 
well as the numerous spaces in the folds, as indicated in Figure 59. 
The spaces in the folds appear slit-like in transverse sections. The 
sinuses increase in size and diminish in numbers posteriorly until a 
few large sinuses result from the union of the smaller ones. Ulti- 
mately one very large sinus appears, which is the main channel of 
connection with the perivisceral sinus at the junction of the divertic- 
ulum with the intestine. The ectal surface of the diverticulum is to 
some extent covered with chloragog cells. The ental surface shows 
no such cells, but is covered with a peritoneal layer of the usual type. 
The wall of the diverticulum is composed of (i) an external peri- 
toneum, either modified into chloragog cells or of the usual type, (2) 
a middle region, occupied by blood sinuses, and (3) an inner, rather 
thick, greatly folded, non-ciliated epithelium. Slightly cephalad to the 
junction of the diverticulum with the intestine, however, this epithe- 
lium begins to take on the appearance of the lining epithelium of the 
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intestine, becoming ciliated, -and having also similar staining reaction. 
The staining reaction of the bulk of the diverticulum is quite different 
from that of the epithelial lining of the intestine, from which it orig- 
inates. At the point of union of the diverticulum with the digestive 
tract there is a marked and abrupt increase in the diameter of the 
latter. 

A comparison of the structure of these organs with that of the 
corresponding organs of H. moderata reveals a wide difference in the 
two species. In the latter a totally different plan of structure is found. 
It is not possible to make extensive comparisons owing to the meager 
treatment of the intestinal diverticula in the literature of other species 
of Henlea. Michaelsen ('86a) figures their structure in H. leptodera 
Vejd. and H. ventrictdosa Udek., and both conform to the same 
general plan as that presented in H. urbanensis. They have one rather 
spacious central internal cavity bounded by walls which show infold- 
ings, and which contain the blood sinuses in somewhat the same re- 
lation. However, they are quite different from those of H, urbanen- 
sis as indicated by the following facts :- H. ventriculosa has four 
diverticula, which, alone, distinguishes it from the other species. H, 
leptodera has two diverticula, but they differ from those of //. ur- 
banensis since the folds in the inner lining are larger, and though 
much fewer in number are present on the ental as well as on the ectal 
wall. The branches of the blood sinus are also fewer. Michaelsen 
('89) described and figured the structure of the intestinal diverticu- 
lum in H, nasiita, which also presents the same general type of struc- 
ture as in H. urbanensis but has wider and more irregular folds of 
the lining membrane. The folds also show branching — a condition 
which does not appear in H, urbanensis. Furthermore, according to 
Michaelsen's figure there is in H. nasuta no difference in the structure 
of the ectal and ental walls. The distribution of the blood sinuses is 
.somewhat similar. Eisen ('05, p. 100) makes the following brief 
statement concerning these organs in //. calif ornica: 'Intestinal 
pouches in VII are similar to those figured by Michaelsen from 
//. nasuta. The villi are fully as intricately folded." The same 
writer ('05, p. 102) makes the following meager statement concern- 
ing H, guatemalce : "Intestinal pouches in VII ; epithelium with com- 
paratively few folds;" and, again, concerning H. ehrhorni he says 
('05, p, 105): "Intestine. — The tubular part is furnished in VIII 
with a pair of diverticles which not only fill the largest part of VIII 
but also project into VII. The inner lobes of the diverticles are much 
coarser than in H, calif ornica, the villi being less numerous and more 
of the nature of those of the diverticles of Benhamia, At the pes- 
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terior end of the diverticles there is a large valve opening into the 
sacculated intestine." 

It does not appear from any information which can be gleaned 
from the literature on this subject that the structure of the intestinal 
diverticula in H. urbanensis is like that of any other species. 

Dorsal Vessel. — The dorsal blood-vessel arises from the perivis- 
ceral blood sinus in IX. At its origin, and extending somewhat into 
VIII, is a very large heart-like expansion which in the specimen stud- 
ied is filled with some substance — probably the remains of the blood. 
In the posterior part of VIII this swelling decreases rapidly and the 
dorsal vessel proper appears, lying near the mid-dorsal line of the ali- 
mentary canal. Immediately anterior to the third pair of septal glands 
there is another, but less prominent, expansion of the vessel. This also 
soon becomes reduced to the usual diameter. The greater part of the 
external surface of the vessel is covered by chloragog cells. The 
marked change in the diameter of the vessel in VIII is accompanied 
by marked changes in the walls of the vessel. In the anterior part 
of VIII the vessel is thick-walled, its external surface is covered with 
chloragog cells, its inner surface has a number of cells projecting 
radially into the lumen, and it is of the usual diameter. Near the 
middle of VIII there is a sudden change in which the diameter in- 
creases greatly, the wall decreases in thickness to a mere membrane, 
the chloragog cells are lost, and the only cells which can be identified 
in connection with the walls are the few cells which lie flattened against 
or^are contained within the extremely thin wall. 

Nephridia. — ^The anteseptal part is small, the postseptal part is 
large, broad, and somewhat pointed at the posterior extremity. The 
efferent duct arises from the postseptal part, near the septum, and 
usually is about as long as the former. The internal lumen is tortuous 
throughout its entire length. The right nephridium on XIII/XIV is 
missing. This is probably due to the fact that that side of the body 
is filled with developing egg-masses, this producing a crowded condi- 
tion which has brought about the elimination of the nephridium. 

Spermidtical Funnel, — The spermiducal funnel lies in the ventral 
part of XI with its base in close proximity to XI/XII. It lies close 
to the body wall and parallel to the long axis of the body. It is about 
two and a third times longer than the diameter, the length being 0.192 
mm., and the diameter 0.085 mm. The sperm duct is long, much con- 
torted, and confined to XII. 

Penid F«/6.— This organ (PI. XII, Fig. 58) is of the lumbricillid 
type of structure. It lies in the usual position in the ventral part of 
XII, on a deep invagination of the body wall. It is large in compari- 
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son to the size oi the body, and is conspicuous in sections. The body 
of the bulb is composed of three kinds of cells. The first kind forms 
a series in which the cells are arranged radially around the penial 
lumen for its entire length. They are uniform in character and have 
but a slight staining reaction. The nuclei lie at the bases of the cells 
and are so regular in their distribution that they appear as a distinct 
row in sections. The cells of the second kind occupy the dorsal per- 
ipheral part of the bulb. They are fusiform, and arranged in such a 
way that the oval nuclei appear somewhat scattered. These cells are 
so placed that their long axes point towards the penial lumen. They 
stain deeply, and have the general appearance of gland cells. The 
third series of cells occupies the ventral ectal part of the bulb, lying 
between the inner bulb cells and the ventral periphery. They are much 
larger than the other kinds of cells and their boundaries are less 
strongly marked. Their contents as indicated by the staining reaction 
are quite distinct from the other cells, being less dense and taking the 
stain sparingly. The sperm duct enters the bulb on the ectal side not 
far from the lowest point of the penial invagination. It penetrates 
the bulb and meets the penial lumen at a point about half way between 
the dorsal periphery and the penial pore. The penial lumen curves 
laterad and meets the penial invagination in the upper half of its 
length. The cuticula which lines the invagination is also continued 
into the penial lumen as a lining. The bulb is covered by a muscu- 
lature which is a continuation of the circular muscle layer of the body 
wall. From the inner extremity of the penial invagination a muscular 
strand extends diagonally dorsad and soon unites with the muscle 
layer of the body wall. The transition from clitellar cells to the bulb 
cells is very abrupt. 

Ovaries. — ^The ovaries are massive, extending dorsad around the 
digestive tract. Egg masses are present in the ccelom, and the type 
specinien appears to be at the height of sexual maturity. 

Spermatheccc. — ^A pair of these organs lie in V. The ectal open- 
ing of each is laterad and in the intersegmental groove IV/V, where 
it is surrounded by a rosette of glands (PI. XII, Fig. 57). The di- 
ameter of each organ is greatest near the ectal opening, and from 
thence entad the diameter is reduced and becomes nearly uniform for 
the greater part of its length. There is no well-developed ampulla, 
and the spermatozoa are present all along the lumen. The spermatheca 
extends obliquely across the ccelom to the digestive tract, where it 
bends caudad. In the anterior part of V the two spermathecce unite 
to form a single common lumen (PI. XII, Fig. 57) through which 
both communicate with the digestive tract. This communication is 
not mid-dorsal as is usually the case, but is latero-dorsad in position. 
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LUMBRiCILLUS Oersted 

The name Lumbricillus was first used by Oersted in 1844, but was 
not given a permanent place in the nomenclature until 1900. Previous 
to that time the old name Pachydrilus, of Claparede, was in common 
use, but Michaelsen, finding that the name Lumhricillus antedated 
Pachydrilus, replaced the latter by Lumbricillus, which is now accepted 
by most workers in OligoctuEta, The genus is defined by Michaelsen 
('00, p. 78) as follows: "Kopfporus klein, zwischen Kopflappen und 
I. Segm. Borsten S-formig gebogen. Riickenporen fehlen. Blut 
gelb bis rot. Das Riickengefass entspringt postclitellial und besitzt 
keinen Herzkorper. Peptonephridien fehlen. Hoden aus einer Anzahl 
bimformiger Teilstiicke bestehend. Samenleiter lang. Samentaschen 
ohne Divertikel." Eisen extends the above definition by adding points 
concerning the testes, nephridia, and penial bulb. His definition of 
the genus is as follows: "Setae sigmoid, arranged in fan-shaped 
fascicles. Head pore small, situated between the prostomium and the 
peristomium. Brain generally deeply emarginated posteriorly. Ventral 
sexual glands aroimd the ventral ganglion generally present. Blood 
red or yellow. Dorsal vessel rises posteriorly to the clitellum. No 
cardiac gland. No peptonephridia. Testes multilobed, each lobe 
capped by a small sperm sac. Sperm ducts comparatively narrow. 
Penial bulb without inner muscular strands, containing only numerous 
glands of various kinds, some of which may open into the basal part 
of the sperm duct. No atrium and no glands outside of the penial 
bulb. Nephridia with entire postseptal and with an anteseptal which 
consists merely of the nephrostomy" The chief diagnostic characters 
are the absence of dorsal pores, peptonephridia, and cardiac gland, 
and the presence of sigmoid setae and plurilobed testes. That the 
ventral glands ("Kopulationsdriisen" of Michaelsen and Ude, 
"copulatory glands" and "outgrowths of the nerve cords" of Bed- 
dard, "ventral glands" of Eisen) are not diagnostic of the genus is 
made apparent by the fact that Southern ('09, pp. 149 and 158) foimd 
them in Marionina semifusca Clap, and Bnchytrcetis lobaUis Southern. 
Stephenson ('11, pp. 52, 58, 62) found them in Bnchytrceus nodosus 
Steph., and evidences of them in Bnchytrceus sabulosus Southern and 
Fridericia bulbosa Rosa. These glands are common to the genus but 
evidently not distinctive characters. 

It has been recently shown that there is a close relationship be- 
tween Lumbricillus and Bnchytrceus. Stephenson ('11) has found in- 
termediate species which serve to bridge over the interval between the 
two genera. He described a new species from the Clyde, Lumbricillus 
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viridis, which is typically lumbricillid in all respects except that the 
setae in the anterior part of the body have the form t)rpical of 
Enchytrcuus and that in the posterior part they show only a faint 
double curve. He also described a new species from the same gen- 
eral locality, Enchytrceus nodostts, which, though unquestionably an 
Bnchytrceus, has the following lumbricillid characters : ventral glands, 
a compact penial bulb, and, in certain cases, a slight double curve of 
the setae. Again, Enchytrcsus dubiiis, a new species described from 
the same general locality, has setae typical of the genus EfuhytrcBUs 
but has ventral glands, a compact penial bulb ("although it is bifid 
internally"), and lobed testes which resemble those in Lumbricillus. 
It also has red blood. It may be added that Bnchytrceus albidtis Henle, 
a very typical species of that genus, has an imperfect penial bulb 
surrounded by other and smaller aggregations of gland cells. All 
of these facts are interesting, since heretofore these two genera have 
been regarded as standing some distance apart and have been placed 
in different subfamilies. This point will be discussed in greater detail 
in another connection (p. 178). 

Michaelsen ('00) assigned seventeen species to this genus, one of 
which he regarded as somewhat doubtful. Later ('03b) he added L, 
henkingi Ude to the list, making a total of eighteen species, none of 
which had been reported from North America. Recent investigations 
have increased the number, so that at present thirty-one species, three 
varieties, one doubtful species, and one doubtful variety are assigned 
to this genus. Of this number six species and three varieties have been 
described from North America. They are as follows, the type lo- 
cality being also given: L. santcuclarce Eisen (San Mateo County, 
California), L. merriami Eisen (Metlakatla, Alaska), L. merriami, 
var. elongatus Eisen (Metlakatla, Alaska), L, annulatus Eisen (Met- 
lakatla, Alaska; also Orca, Prince William Sound), L. ritteri Eisen 
(Farragut Bay, Alaska), L. franciscanus Eisen (Santa Clara River, 
California), L. franciscanus^ var. borealis Eisen (vSt. Paul Island, 
Pribilof group, Alaska), L. franciscanus, var. unalaskec Eisen (Una- 
laska), and L. agilis Moore (Casco Bay, Me., to Vineyard Sound, 
Mass.). £. riitihis, n. sp., is described in the following pages. 

Key to the Species of Lumbricillus known to occur in 

North America 

1 (6) Spermatheca with crown of glands limited to the ectal opening. 

2 (3) Spermathecal duct distinctly set off from ampulla ; ventral glands 

in XIV-XV ; brain two and one half times longer than wide, 
posterior margin deeply emarginate santoBclarm 

3 (2) Spermathecal duct not distinctly set off from ampulla. 
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4 (5) Ventral glands in XIII-XIV; brain one and one half times 

longer than wide, posterior margin distinctly emarginate; 
moderately developed clitellum on XII-XIII, incomplete on 
ventral side riitVus 

5 (4) Ventral glands in III-V ; brain, slightly longer than wide, pos- 

terior margin angular and deeply emarginate ; clitellum thick 
and conspicuous, completely surrounding XI-XII agilis 

6 (i) Spermatheca with glands covering entire length of duct. 

7 (14) Spermatheca with distinct rosette of glands at ectal opening 

of duct. 

8 (9) Spermathecal ampulla large, rounded, and distinctly differ- 

entiated ; ventral glands in XIII-XVII, clitellum on J4 XI- 
XIII ritteri 

9 (8) Spermathecal ampulla small and inconspicuous. 

10 (13) Clitellum on yi^ XI-XIV; ventral glands in XIV-XVII, all 

of uniform size. 

11 (12) Ampulla small and conical, constituting about one third of the 

whole spermatheca; testes consisting of 12 to 15 lobes 

merriami 

12 (11) Ampulla conical but larger, constituting approximately one half 

the length of spermatheca; testes with about 10 lobes 

merriami, var. elongatus 

13 (10) Clitellum on J4 XI- >4 XIV; ventral glands in XIV-XIX, 

small ones in III-X annulatus 

14 (7) Spermatheca with no rosette of glands at ectal opening of duct. 

15 (18) Setae Of a bundle of approximately uniform size. 

16 (17) Ventral glands in XIV-XVI, moderate in size and not divided 

into lobes franciscanns 

17 (16) Ventral glands in XIII-XIV, large, not divided into lobes 

franciscanus, var. unalaskcB 

18 (15) Setae of a bundle not of uniform size; ventral glands in XIII- 

XV, large, posterior two divided into a number of lobes .... 
franciscanus, var. borealis 

LUMBRICILLUS RUTII.US n. sp. 

(PI. VIII, Fig. 13; PI. IX, Figs. 14-24) 

Definition. — Length, 15-19 mm. Diameter, 0.44-0.68 mm. 
Somites, 41-49. Color, red with slight tinge of yellow. Prostomiuni 
rather short and rounded. Head pore on o/I. Dorsal pores absent. 
Setae sigmoid; all of same size and approximately of same length; 
in anterior ^ to ^ of body, 6-7 in lateral bundles, and 5-10 (usu- 
ally 5-7) in ventral bundles; 2-4 in posterior part of body. Clitellum 
on XII-XIII, interrupted on mid-ventral surface. Brain about one 
and one-half times longer than wide; anterior margin concave, pos- 



144 

tenor margin distinctly emarginate, lateral margins slightly divergent 
caudad. Peptonephridia lacking. Dorsal vessel varies slightly in po- 
sition of origin, arising in XIII-XIV. Nephridia with large post- 
septal part and very small anteseptal part which consists only of 
nephrostome; efferent duct arises from ventral surface of posterior 
part of postseptal part. Testes multilobed, with about nine lobes on 
each side of body; each lobe capped by a small sperm sac. Spermi- 
ducal funnel cylindrical, four to five times longer than diameter, and 
strongly bent at middle; collar present, slightly reflected, slightly wavy 
in outline, and set off from body of funiiel by slight constriction. One 
pair of spermathecae in V ; without diverticula and each consisting of 
a well-developed ampulla and a short duct ; ampulla consisting of an 
expanded, barrel-shaped, thick-walled and much narrower ental re- 
gion which is reflected cephalad before uniting with digestive tract; 
duct not sharply set off from ampulla, much shorter than ampulla and 
surrounded by well-developed gland which shows a number of lobes 
arranged in form of rosette; ectal opening laterad and near IV/V, 
ental opening on lateral wall of digestive tract in posterior part of 
V. Ventral glands in XIII and XIV ; differ slightly in shape in the 
two somites; surround ventral ganglia closely on ventral, lateral, and 
part of dorsal surfaces, leaving only median dorsal line free. 

Described from thirty-two sexually mature specimens. Many other 
specimens were examined in determining external characters. Type 
and paratypes in the collection of the writer, and paratypes in the 
collection of Professor Frank Smith. 

The specimens which are the basis of this description were col- 
lected June 22, 191 1, by A. A. Girault, in sprinkling filter No. 5 of 
the Chicago Sewage Testing Station. They occurred in great abun- 
dance in the sludge which covered the limestone rocks composing the 
filter bed. A complete description of the habitat of these worms is 
given in another part of this paper (pp. 180-184). 

Affinities. — ^This form is easily separated from the other known 
American species, and the differences are so distinct and so numerous 
that it can scarcely be said to have any close relatives among the 
American forms. When compared with the foreign species of this 
genus it appears to resemble L. litoreus Hesse, L. subterraneus Vejd., 
L. lineatus MiilL, L. verrticosu^ Clap., and L. tenuis Ude. There are, 
however, a number of distinct differences in each case and, further- 
more, the descriptions of the above-named species are very brief and 
make no reference to some characters which are now considered to be 
of use in separating species. When these descriptions are made more 
complete it is reasonable to expect that other points of difference not 
yet known will be found. 
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EXTERNA!, CHARACTERS 



The body is smooth, slender, cylindrical, and tapers gradually to- 
wards the two extremities. The length in adcoholic specimens varied 
from 9 to 14 mm., the more common length being 10 to 12 mm., but 
in a series of measurements of mature living specimens not extremely 
contracted or elongated, the length was foimd to vary from 15 to 19 
mm. The lower range of alcoholic specimens is probably due to the 
effect of the fixing fluid. The diameter in alcoholic specimens is 
greatest in the region of the clitellum, where it is 0.446-0.684 mm. 
The first five to nine intersegmental grooves are very distinct, but the 
others are rather obscure. The number of somites is variable, but 
the limits of the variation are quite narrow, counts in thirty-five speci- 
mens ranging only from 41 to 49. The moderately developed clitellum 
is on XII-XIII and occurs only on the dorsal and lateral surfaces 
of the worm. In alcoholic specimens the body is opaque, and light 
brown except on the clitellum, where the color is much fainter. The 
living animal is reddish with a slight tinge of yellow. The prostomium 
is blunt, smooth, and rounded. The setae (PI. IX, Fig. 21) are dis- 
tinctly sigmoid, and are arranged in fan-shaped bundles. The bun- 
dles are disposed in four longitudinal rows, two ventral and two 
lateral. In the ventral rows the number of setae per bundle varies 
from 4 to 8, being occasionally 9 and in rare instances 10. In the 
lateral rows the number varies from 4 to 7. On the last few somites 
the number in both sets of rows varies from 2 to 4. 

INTERNAI, CHARACTERS 

Brain.— The brain (PI. IX, Fig. 22) lies in I and II. The length 
is about one and one-half times the width. The posterior margin is 
distinctly emarginate ; the anterior concave. The lateral margins vary 
to some extent, being in some cases nearly parallel, in others slightly 
divergent caudad. Two pairs of supporting strands extend from the 
posterior end of the brain to the body wall, while from the anterior 
end a rather strong muscular strand extends from the mid-ventral 
region to the wall of the prostomium. 

Blood Vascular System. — Since the blood in this species is colored 
and the vessels are rather large, remaining distended after death, it 
has been possible to follow out the course of the chief vessels. 
Furthermore, owing to the fact that the integument of the body is 
semitransparent, permitting the blood-vessels to stand out promi- 
nently, it was possible to study the vascular system in the living form 
and thus to verify the observations made on the alcoholic material. 
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The system (PI. VIII, Fig. 13) consists of two principal longitudinal 
vessels, one dorsal and one ventral, and transverse vessels which con- 
nect them in the anterior region. The dorsal vessel arises from the 
perivisceral sinus in XIII-XIV. An examination of twenty speci- 
mens showed that the origin of this vessel is not constant in position 
and that it varies within the limits of XIII-XIV. In the majority of 
cases the origin is at XIII/XIV. In the intersegmental regions this 
vessel shows constrictions which are slight in its anterior part but dis- 
tinct in its posterior half. Distinct swellings are present in XI, XII, 
and XIII. From its origin the dorsal vessel extends cephalad, parallel 
and dorsal to the digestive tract, and throughout its course it main- 
tains a rather close relation to it. In I this vessel divides into two 
symmetrical branches, one of which passes around the right side and 
the other around the left side of the digestive tract. These branches 
extend to the ventral side of the buccal cavity and each comes to lie 
parallel to it, thus forming the right and left ventral trunks. They 
extend caudad into IV, where they approach each other and unite, thus 
forming a single vessel which extends to the posterior region of the 
body. In III a branch extends dorsad from each of the ventral vessels 
to connect with the dorsal vessel at a corresponding point, thus form- 
ing the first pair of transverse vessels. The second pair of transverse 
vessels is in IV, anterior to the point of union of the two ventral 
vessels. The third pair is united with the ventral vessel very near 
IV/V and immediately posterior to the point of union of the right 
and left ventral vessels and extends to the dorsal vessel, uniting with 
the latter near the corresponding point of union of the second pair 
of transverse vessels. The fourth pair connects the dorsal and the 
ventral blood vessels in V. 

Nephridia. — The nephridia (PI. IX, Fig. 15) are. of the usual 
lumbricillid type in which the postseptal part is greatly developed but 
the anteseptal part is represented only by the nephrostomy The ef- 
ferent duct arises from the ventral surface of the posterior end of the 
postseptal part, and opens to the exterior in front of the ventral setae. 

Testes, — The testes are in the usual position in XI and are multi- 
lobed. Each lobe is club-shaped, and its attachment to the ventral 
surface of X/XI is very slender. There are approximately 8-10 of 
these lobes on each side of the digestive tract, all somewhat similar 
in size and shape, and radiating fanwise from the point of common 
attachment, the anterior and the posterior ones extending out into the 
adjacent somites. Each lobe is capped by a sperm sac. 

Spermiducal Funnel — This organ (PI. IX, Figs. 14, 17) lies in 
the usual position in XI. The length is about four to five times the 
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diameter. In all of the specimens examined the funnels are cylindrical 
and strongly bent near the middle, usually reflected upon themselves. 
The collar at the anterior end of the funnel is usually somewhat wavy 
in outline and varies in shape, being sometimes slightly reflected and 
sometimes flaring. The duct extends through XI/XII, and after a 
few contortions, extends directly to the penial bulb. 

Southern ('09, p. 149) claims that the sperm funnel in the genus 
Lumbricilltis is "very contractile" and "varies greatly" in its relative 
proportions according to the amount of tension on it. He holds that 
"specific determinations, therefore, which rely on these two charac- 
ters [the funnel and the ventral glands], must be regarded with sus- 
picion, especially when preserved material has been used." No evi- 
dence of such variation has been found in L. rutilus — at least not 
enough to warrant so strong a statement as the above. It is quite 
doubtful if the spermiducal funnel in L. rutilus is "very contractile," 
since its structure is such as to preclude exceptional contractility. The 
muscular tissue is reduced almost to a minimum, and since the bulk 
of the organ is composed of long, closely set cells and the lumen is 
very fine it does not appear reasonable to expect great contractility in 
the funnel of this species. 

Penial BuJb, — ^This organ (PI. IX, Fig. 24) is rather simple in its 
structure and conforms to the lumbricillid type. It is rather large as 
compared with the diameter of the body, is approximately globular 
in shape, and is covered by a musculature which is a reflection of the 
musculature of the body wall. This muscular covering is composed 
of both the circular and longitudinal layers. The circular muscles lie 
in contact with the gland cells of the bulb and are very much re- 
duced in thickness, so much so that it is difficult to demonstrate them 
with high powers. However, close observation shows that there is a 
very thin layer present, and in transverse sections it is easy to dis- 
tinguish strands of muscle fibers passing from the circular layer of 
the body wall to the periphery of the bulb in two diflFerent regions; 
namely, between the entrance of the sperm duct and the body wall, 
and between the periphery of the bulb and the ventral body wall. The 
longitudinal layer is well developed, and in transverse sections it shows 
the same structure as that of the body wall, the only diflFerence being 
a reduction in thickness. The interior of the bulb is filled with cells 
of but one kind. These cells differ somewhat in shape in the diflFerent 
parts of the bulb, but in general they are elongate, somewhat uni- 
form, and most of them are arranged radially aroimd the penial lumen. 
The nuclei are located for the most part in the peripheral ends of the 
cells. The peripheral part of each cell stains deeply, while the opposite 
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part, which is approximated to the penial lumen, stains lightly. At 
the ventral side of the bulb the cells merge gradually into the hypo- 
dermis of the body wall. The sperm duct meets the dorsal part of 
the bulb near the lateral body wdl, and unites with the bulb in such 
a way that the terminus appears to be imbedded in the periphery of 
the bulb. In most cases this union is nearest the posterior part of 
the bulb. There is no differentiation between the sperm duct and the 
penial lumen, and it is a little difficult to determine the exact junc- 
tion of the two. As the junction of the sperm duct with the bulb is 
slightly posterior, the penial lumen follows a cephalo-ventro-lateral 
course in reaching the exterior. The cuticula is reflected into the 
penial lumen and lines it for its entire length. 

SpermaiheccB. — ^A pair of these organs (PI. IX, Fig. i6) is present 
in V. There is no well-defined line of separation between the duct 
and the ampulla. The ectal opening has a well-developed crown gland 
showing a series of emarginations on the ental margin, which gives 
it the appearance of having about six lobes. This gland is large 
enough to completely hide the spermathecal duct, since the ental 
periphery of the gland extends to the ampulla. The duct gradually 
merges into the ampulla, a fusiform region constituting the greater 
part of the mass of the spermatheca. The ental region of the ampulla 
gradually becomes reduced in diameter, forming a sort of duct-like 
terminus which has approximately the same length and diameter as 
the spermathecal duct. This ental part of the ampulla bends cephalad 
and unites with the digestive tract. This union is lateral in position 
and exactly opposite the corresponding opening of the other sperma- 
theca. An examination of sexually immature specimens shows that 
the spermatheca lacks connection with the digestive tract, — a fact 
which seems to point to the conclusion that the ental part of the am- 
pulla is the last part to be acquired by the developing spermatheca. 
The ectal opening of each spermatheca is surrounded by a thickened 
region of the hypodermis. 

The abundance of material and its perfect histological condition 
has made it possible to study in some detail the histology of the sper- 
mathecae. A number of interesting structural features are present and 
seem worthy of extended discussion, since the meager treatment of the 
structure of the spermathecae in species of Lumbricillus gives no hint 
as to whether the condition in this species is unique or common to the 
group. 

The wall of the ampulla (PI. IX, Fig. 23) is composed of three 
layers, the enveloping peritoneum, the muscle layer, and the lining 
epithelium. The peritoneum is of the usual type, being merely a thin 
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membrane with scattered nuclei. The muscle layer is well developed, 
and consists of a single layer in which the component fibers extend 
around the organ in a transverse direction, thus forming a circular 
layer. It is about equally developed in all parts of the ampulla, and 
in the region of the junction with the digestive tract this layer posses 
over into the muscle layers of the latter. It is, however, very dif- 
ficult to determine the exact structure of this transitional region, and 
the writer has not been able to demonstrate with absolute certainty 
to which of the muscle layers of the digestive tract it becomes allied. 
It seems to pass into the circular layer, as one would expect, and 
further evidence in support of this conclusion will be given later, 
when it will be shown that this muscle layer connects with the cir- 
cular layer of the body wall. The epithelial layer of the ampulla con- 
stitutes the greater part of the mass of the organ. It is composed of 
tall, columnar cells, set closely together and distinctly nucleated at their 
bases. In all parts of the organ this layer is thick, and especially so 
in the enlarged part, where it is particularly thick and heavy, and 
the length of its component cells is many times greater than their 
diameters. This is a one-celled layer. In longitudinal sections of the 
ampulla this fact is clear enough in the ental region, where the ampulla 
connects with the digestive tract, but in the swollen region, where the 
layer has its maximum thickness, it appears at first sight to be com- 
posed of more than one layer of cells since more than one row of 
nuclei appear in the same section. These cells are, however, closely 
set, and sections of the usual thickness include parts of from two to 
three superimposed layers, thus giving the appearance referred to 
above. 

The part of the spermatheca extending from the ampulla to the 
external opening is really the duct but is not sharply set off from the 
ampulla. It has a rather peculiar structure. The epithelial layer 
which lines the ampulla is interrupted completely, and tihe wall of the 
duct is composed of two kinds of elements only, the muscle layer, and 
the gland cells of the large gland which surrounds that region. This 
gland is composed exclusively of very long cells which extend from 
the periphery to the lumen of the duct. The nuclei are situated in the 
peripheral ends. In a longitudinal section of the spermatheca these 
cells have the appearance of having their inner ends tut off by a 
band of muscle tissue which separates this glandular region into two 
parts, one part lying between the lumen and the muscle band and the 
other lying beyond the latter. This appearance is further emphasized 
by the fact that the tissue outside of the muscle band stains readily, 
while that between the muscle band and the lumen does not take the 
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stain at all. In reality, these apparent regions are not distinct, the 
gland cells being continuous from the periphery of the gland to the 
lumen, with no interruption by the muscle band, as will be shown in 
the next paragraph. 

The muscle elements in the spermathecal duct exhibit an interest- 
ing peculiarity in arrangement and derivation. At the ectal end of 
the ampulla the well-developed circular muscle-layer instead of con- 
tinuing over the duct unchanged becomes converted into a series of 
muscle bands which extend at right angles to the direction taken by 
the fibers of the same layer on the ampulla. These bands do not form 
a continuous layer but occur at intervals, thus forming a cylinder of 
muscle bands, each of which is separated from the neighboring ones 
by spaces through which extend the prolongations of the gland cells 
to meet the lumen. These muscle bands continue through to the ex- 
ternal hypodermis and become allied with the circular muscle layer 
of the body wall. Each band appears to be composed of two similar 
parts closely approximated, and in all cases this double condition of 
the bands seems to be constant. 

Ventral Glands. — ^The peculiar and problematical organs which 
have been given several names ("Kopulationsdriisen" of Michaelsen 
and Ude, "copulatopy glands" and "outgrowths of the ventral nerve 
cord" of Beddard, "ventral glands" of Eisen) are present in speci- 
mens of this species. They are moderately developed (PI. IX, Fig. 
20) and are closely and uniformly associated with the ventral nerve 
cord in XIII and XIV. They almost completely surround the ventral 
ganglia, leaving only a small free space on the dorsal median line 
of the nerve trunk. In transverse section (PI. IX, Figs. 18, 19) they 
appear to be made up of a mass of distinctly nucleated spindle-shaped 
gland cells which lie parallel to each other and extend ventrad. They 
do not have the lateral wing-like developments which are present in 
some species, but are compact and bulbous in appearance. Each pene- 
trates the body wall in the mid-ventral region immediately under the 
nerve cord, thus opening to the exterior. In the majority of the speci- 
mens examined these glands are not bilaterally symmetrical but one 
side is more strikingly developed than the other, giving the whole the 
appearance of being turned over to one side. In all of the specimens 
examined the greatest development uniformly occurred on the same 
side in both glands, but in some individuals it was found on the left 
side, while in others it was on the right. The two glands differ but 
little in size but there is a difference in shape. The ental ends of the 
gland in XIII extend above the level of the ventral ganglion, forming 
a mid-dorsal fossa, while the ental ends of the one in XIV do not 
thus extend, and a fossa is not formed. 
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It appears that in the past undue stress may have been placed on 
the importance of the ventral glands as a specific character in the genus 
Lumbricillus and also in Marionina, Southern ('09, p. 149) has 
foimd great variation in them. "In some cases individusils have shown 
well-developed glands, whilst in others from the same locality they 
were either small, absent, or in different segments." Ditlevsen ('04, 
p. 433) also throws doubt on the value of this character in the separa- 
tion of species. No evidence of variation has been observed in the 
ventral glands of L. rutilus. In every specimen of the long series ex- 
amined they occur uniformly in XIII and XIV and in all cases showed 
practically the same degree of development. The only variable feature 
is that the greatest development in these asymmetrical glands occurs 
on the right side in some specimens and on the left side in others. 

FRIDERICIA Michaelsen 

Fridericia is a well-defined genus, separated from the other genera 
by the following important characters : the presence of dorsal pores, 
and the size and arrangement of the setae. The setae are produced in 
pairs in each bundle, the setae of the outer pair being the largest, the 
next smaller pair being immediately within the largest, and these in 
turn inclosing still smaller ones in the same manner. The gfroup thus 
formed is fan-shaped, with a pair of large outer setae and gradating 
pairs between. Sometimes setae fall out, thus destroying the symmetry 
of the bundle. 

Michaelsen ('00, p. 94) defines the genus as follows: "Borsten in 
4 Biindeln, gerade, zu 2 im Biindel und dann gleich lang oder zu 
mehreren und dann die inneren des Biindels mehr oder wcniger regel- 
massig paarweise und stufenweise kleiner als die ausseren. Riicken- 
poren mit Verschlusszellen meist vom 7., selten vom 6. Segm. an vor- 
handen; Kopfporus meist klein, dorsal zwischen Kopflappen und i. 
Segm. Lymphkorper von zweierlei Gestalt. Peptonephridien stets vor- 
handen. Der Oesophagus geht allmahlich in den Mitteldarm iiber. Das 
Riickengef ass entspringt meist postclitellial ; Blut f arblos. Nephridien 
meist mit grossem Anteseptale, in deml der Flimmerkanal schon Win- 
dungen beschreibt. Samenleiter lang. Samentaschen meist mit dem 
Darm kommunizierend, einfach oder mit Divertikeln." 

Fridericia is the largest genus of the family Bnchytrceidce. In 
1900, Michaelsen recognized twenty-one species, and since that time 
the number has increased considerably, so that at present there are 
about ninety species referred to this genus. It appears that at least 
three of these species are doubtful. Sixteen species have been described 
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from North America, although Michaelsen ('oo, p. 96) regards P. 
parva Moore as a synonym of F. bulbosa Rosa. The North American 
species with their type localities are as follows : F, alba Moore ( Phila- 
delphia, Pa. ) , F. agricola Moore ( Philadelphia, Pa. ) , F, longa Moore 
( I^iladelphia, Pa.), F. parva Moore (=i^. bulbosa Rosa?) (Philadel- 
phia, Pa.), F. agilis Smith (Havana, 111.), F. Hrrna Smith ft^Welch 
(Urbana, 111.), F. tenera Smith & Welch (Urbana, 111.), F. harrimani 
Eisen (Mountain View, Calif.), F. fuchsi Eisen (Santa Cruz, near 
Boulder Creek, Calif.), F, johnsoni Eisen (Santa Barbara, Calif.), F. 
santceroscp Eisen (Santa Rosa, Sonoma Co., Calif.), F, santccbar- 
barce Eisen (Santa Barbara, Calif.), F. macgregori Eisen (Napa Co., 
Calif.), F. sonorcc Eisen (Sonora, Mexico), F, popoHana Eisen 
(Popof Island, Alaska), and F, calif ornica Eisen (San Francisco, 
Calif.). Three new species are described in the following pages, 
namely, F. douglasensis, F, oconeensis, and F, sima. 

Key to the Species of Frideeica known to occur in 

North America 

Spermathecae without diverticula. 
Posterior margin of brain convex. 

Spermathecae do not connect with digestive tract sonoros 

Spermathecae connect with digestive tract. 

Peptonephridia simple and unbranched; brain about twice as 

long as wide sima 

Peptonephridia with four to six branches projecting from a 

common base; brain almost circular fuchsi 

Posterior margin of brain truncate or concave. 

Peptonephridia simple and unbranched parva 

Peptonephridia with distinct branches. 

Length over 10 mm.; somites over 50; dorsal pores begin on 

VI ; dorsal vessel arises in XXII alba 

Length under 10 mm.; somites not more than 50; dorsal pores 

begin on VII. 
Dorsal vessel arises in XIV ; peptonephridia short, each with at 

least two branches; brain deltoid, posterior margin almost 

straight, anterior margin conical harrimani 

13 (12) Dorsal vessel arises in XIII; peptonephridia thick and compact, 

with the free end frayed; brain with the posterior margin 
slightly concave, anterior margin convex johnsoni 

14 (i) Spermathecae with diverticula. 

15 (22) Spermathecae each with two diverticula. 
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i6 (17) Brain circular santcerosce* 

17 (16) Brain distinctly longer than broad. 

18(21) Spermathecal diverticula subcylindrical, no glands at ectal 
opening of duct. 

19 (20) Length 20-25 mm. ; somites, 65 ; anteseptal part of nephridia 
ovate, postseptal part slender, with a dorsal lobe about same 
size as anteseptal part agricola^ 

20(19) Length 10-12 mm.; somites about 55; nephridia large, ante- 
septal part large and swollen and filled with opaque gran- 
ules sant(Bbarbar(s 

21 (18) Spermathecal diverticula finger-like and pendent; two glands 

at the ectal opening of spermathecal duct popofiana 

22 (15) Spermathecae with more than two diverticula. 

23 (26) Peptonephridia simple and unbranched. 

24(25) Brain two thirds as broad as long, posterior margin convex; 
unicellular glands at ectal opening of spermathecal duct; 
length 25-30 mm. ; somites, 60-69 longa 

25 (24) Brain on^ and two thirds times longer than broad, angular, 

posterior margin truncate ; no glands at ectal opening of the 
spermathecal duct ; length, 1 1-20 ; somites, 43-55 dougldsensis 

26 (23) Peptonephridia with distinct branches. 

27 (28) Two setae per bundle, rarely three or four; nephridial duct 

arises from caudal end of postseptal part agilis 

28 (27) Setae predominantly four or more per bundle; nephridial duct 

arises from the anterior end of the postseptal part. 

29 (32) Anterior margin of the brain concave. 

30 (31) Length, 24—33 nim. ; somites, 62-67; spermathecae with 3-4 di- 

verticula ; no glands at the ectal opening of the spermathecal 
duct firtna 

31 (30) Length, 9-17 mm.; somites, 52-59; spermathecae with 7 divertic- 

ula; glands present at the ectal opening of the spermathecal 
duct tenera 

32 (29) Anterior margin of the brain convex. 

33 (34) Branches of the peptonephridia arise from a common base; 

length, 8 mm macgregori 

34 (33) Branches of the peptonephridia arise dendritically and not from 

a common base; length over 8 mm. 

35 (36) Dorsal vessel arises in XX oconeensis 

36 (35) Dorsal vessel arises in XVI calif ornica 

*Spennathecae as a rule with only two large diverticula, as the key indi- 
cates; but in one specimen E^isen found that the large diverticulum was re- 
placed on one side by three smaller ones. 

tA variety of this species has the terminal portion of the spermatheca 
glandularly thickened for a short distance from the mouth and one or two 
solid outgrowths alternating from the accessory sacs. 
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Fridericia douglasensis n. sp. 

(PL IX, Figs. 25, 26; PI. X, Figs. 27-34) 

Definition, — Length, 11-20 mm. Diameter, 0.45-0.54 mm. So- 
mites, 43-55. Color, white. Prostomium short, blunt, and slightly 
angular at tip. Dorsal pores begin on VII. Setae, 3-6 per bundle in 
ventral rows and 3-5 in lateral rows in anterior part of the body ; 3-6 
in middle part, and 2-3 in posterior part. Clitellum on ys Xl-yi 
XIII. Lymphocytes elliptical. Brain about one and two thirds times 
longer than wide ; anterior margin concave, posterior margin truncate, 
lateral margins divergent caudad for greater part of length of brain, 
then change abruptly to convergent caudad. Peptonephridia large, 
tubular, slightly tuberculate, unbranched. Dorsal vessel arises in XX. 
Nephridia with anteseptal and postseptal parts about the same size; 
efferent duct arises from middle of latter. Spermiducal funnel well- 
developed ; length about one and one half times diameter ; collar dis- 
tinctly set off from body of funnel by constriction; margin of collar 
not reflected. Sperm duct shorter than in most species and with few 
contortions. Spermathecae with duct, ampulla, and diverticula; am- 
pulla funnel-shaped, with 7-1 1 globular, unequal, irregularly disposed 
diverticula; no glands at ectal opening of duct; each ampulla with 
independent connection with digestive tract. 

Described from sixteen sexually mature specimens. Many more 
were examined in estimating the external characters. Type and para- 
types in the collection of the writer, and paratypes in the collection of 
Professor Frank Smith. 

The specimens on which this description is based were collected in 
a deciduous forest near the north shore of Douglas Lake, Michigan, 
July 14, 191 1. They were found in considerable abundance under 
chips, pieces of bark, and other debris, at the base of a large fallen 
tree where considerable moisture was present. 

Affinities. — ^The species belongs in the group having more than two 
diverticula on the spermathecae. It appears to have no close relatives 
among the foreign species and is also distinct from the other American 
species, apparently approaching none of them closely unless it be F, 
longa Moore, the description of which is, however, too inadequate to 
make the establishment of relationships certain. 

EXTERNAl, CHARACTERS 

The body is slender and has a length of 1 1-20 mm. In transverse 
section its outline is circular, and the diameter is greatest in the region 
of the clitellum, where it is 0.45-0.54 mm. The living specimens are 
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opaque and whitish. The intersegmental grcx)ves are obscure for al- 
most the entire length of the body; only the first two or three 
being at all distinct. In nearly all of the specimens examined the first 
intersegmental groove is deeply marked. The number of somites is 
variable, the extremes in a count of nine specimens being 43-55. The 
prostomium is short and slightly angular at the extremity. The de- 
gree of this angularity is slightly variable, but all of the specimens 
show it to some extent. The clitellum is moderately developed and is 
situated on Ys XI-J4 XIII. The number of setae per bundle varies 
in the different regions of the body and to a limited extent in the 
different rows. In general there are 3-6 per bundle in the ventral 
rows in the anterior region (more often 5 or 6), and 3-5 in the lat- 
eral rows ; 3-6 in the middle region in both sets of rows ; and 2-3 in 
the posterior region. Aside from a decided bend at the proximal end 
(PI. X, Fig. 30) each seta is straight. 

INTERNAI, CHARACTERS 

Brain. — This organ (PI. X, Fig. 31) lies in I and II, chiefly in 
the latter. The anterior margin is concave, while the posterior margin 
is distinctly truncate. The lateral margins diverge caudad for about 
two thirds of their length. Figure 31 shows the characteristic shape 
of this organ. In transverse sections it is broadly elliptical in outline. 
The entire organ is surrounded by a w^ell-developed neurilemma which 
is somewhat thickened between the roots of the commissural trunks. 
Two sets of supporting strands attach the posterior region to the body 
wall. 

Peptonephridia, — There is a pair of these organs ventrad to the 
digestive tract, one on the right side and one on the left. Each opens 
separately into the alimentary canal in a latero- ventral position in IV. 
There is some variation as to the exact place of opening, some speci- 
mens showing it near the middle of IV while in others it is in the pos- 
terior part of IV. However, in all cases the opening occurs in IV. 
These organs (PI. X, Fig. 34) are long and unbranched. They are 
tubular, with but a single lumen, which is large in comparison to the 
size of the organ. Immediately beyond the union with the digestive 
tract each peptonephridium turns abruptly caudad and extends parallel 
to it. The length varies somewhat in the various specimens. In some 
cases they extend into VI but in others only into V. Sometimes the 
terminal parts extend around the alimentary canal and end dorsad to it. 
One of the specimens examined, showed a peculiar condition in which 
one of the organs, about midway of its length, gave rise to a single, 
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long, well-developed branch which extended cephalad and terminated 
anterior to the opening of the peptonephridium. The structure of this 
branch is identical with that of the main trunk. This is probably an 
accidental condition, since it occurred in only one specimen and only 
on one side. 

Chylus Cells. — ^The chylus cell region of the intestine occupies 
XV-XVIII in all of the specimens examined except one, in which a 
few chylus Veils appear in the posterior part of XIV. Cells of two 
kinds are present (PI. X, Fig. 33), the chylus cells and the ental 
epithelial cells. The chylus cells form a continuous layer. They are 
flask-shaped, the broader ends being ectad. The base of each is more 
or less truncate and the sides converge gradually entad. The apical 
half of the intracellular canal is straight, but the basal half is spiral 
and appears sigmoid in section. This intracellular canal is lined by 
a relatively thick specialized layer of cytoplasm which is everywhere 
uniform in thickness and structure. The canal is ciliated for the 
greater part of its length. The blood sinus comes in contact with 
little more than the basal end of each chylus cell. The ental epithelial 
cells are long and trumpet-shaped, the broad end being ental. Their 
ectal ends are inserted between the apices of the chylus cells. In 
longitudinal sections usually but one epithelial cell appears 
between each chylus cell and its neighbor. The ental surface of these 
cells is ciliated. Interstitial cells are absent. There appears to be a 
distinct difference in the structure of the chylus cells and the ental 
epithelial cells as indicated by the staining reaction. In the former 
the cytoplasm is somewhat granular, while the cytoplasm of the ental 
epithelial cells is more homogeneous and more dense. 

Blood Vascular System. — The blood-vessels in the specimens of 
this species remain better distended than in the others examined, mak- 
ing it possible to follow them and to study the chief vessels. The 
system (PI. IX, Fig. 25) consists of the usual dorsal longitudinal ves- 
sel, the ventral vessel, and the transverse vessels which connect them, 
these latter forming loops around the anterior part of the digestive 
tract. The dorsal vessel arises from the perivisceral blood sinus in 
XX. It shows distinct enlargements in each of the somites posterior 
to the clitellum. From its origin it extends cephalad, parallel to the 
digestive tract, with which it maintains a more or less close relation 
throughout its course. In the anterior region it lies between the brain 
and the buccal cavity, and is so reduced in diameter that it requires 
high magnification to follow it. At a point immediately under the 
anterior part of the brain it divides into two trunks, one passing to 
the right and the other to the left of the digestive tract, and both ex- 
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tending to the ventral side of the buccal cavity, where they lie parallel 
to it. These extend caudad to the anterior part of IV where they 
approach each other and unite near IV/V to form the single ventral 
trunk. Near the middle of III a transverse vessel extends dorsad 
from each ventral vessel and unites with the dorsal vessel near the 
posterior part of III. In the anterior part of IV similar transverse 
vessels connect the ventral vessels with the dorsal trunk. No trans- 
verse vessels occur in II. 

Nephridia. — ^The anteseptal part (PI. X, Fig. 27) is about the 
same size as the postseptal though there is a slight variation, the latter 
being sometimes a little larger than the former. The efferent duct 
arises from the mid-ventral surface of the postseptal part about mid- 
way of its length and opens to the exterior just anterior to the ventral 
setae bundles of the same somite. The lumen is very tortuous through- 
out its entire course. 

Spermiducal Funnel — This organ (PI. X, Fig. 29) lies in the 
usual position in XI with its base close to the ventral surface of X/XI. 
Its length is about one and one half times greater than its diameter. 
It is slightly bent, and in the majority of the specimens examined it 
was bent in such a way that the anterior end was directed dorsad or 
laterad. The collar is distinctly set off from the body of the funnel 
by a constriction. The diameter is only about one half that of the 
funnel. The free margin of the collar is not reflected but projects 
towards the developing sperm mass. The sperm duct is confined to 
XII. It seems to be much shorter than is usual in other species. In- 
stead of the mass of convolutions generally present in XII there are 
at most but three or four coils, and from these the duct extends di- 
rectly to the penial bulb. 

Penial Bulb. — In structure the penial bulb (PI. X, Fig. 32) con- 
forms to the lumbricillid type as defined by Eisen. It is well devel- 
oped, and is conspicuous in transverse sections of the body through 
XII. It is completely invested by a strong musculature which ulti- 
mately connects with the muscle layer of the body wall. When the 
bulb is completely retracted the penial invagination is large, having a 
depth equal to the length of the bulb. The sperm duct meets the bulb 
on the dorso-ectal surface and pentrates it for a short distance. Within 
the bulb it is replaced by the penial lumen which, curving broadly 
laterad, extends to the penial invagination, opening into the latter 
about midway of its depth. The cuticula lines the invagination and 
also extends into the penial lumen as a lining. The bulb is composed 
of two groups of cells. One group occupies the dorsal part of the 
organ, and is composed of cells which occur near the periphery but 
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send long extensions to the penial lumen. The second group of cells 
occupies the ventral part of the bulb, and opens on to the surface of 
the penial invagination. In nearly all of the preparations studied in 
this connection it was not difficult to determine the line of separation 
between these two groups of cells owing to the fact that they tend 
to separate and produce a distinct split in the bulb at that place. 

All of the preparations examined, showed a few nuclei scattered 
among the extensions of the dorsal cells at a position about half-way 
between the periphery and the penial lumen. This recalls the fact that 
in F. firtna, P. agilis, F, agricola, and in other species, there is a group 
of cells between the penial lumen and the peripheral dorsal cells which 
is conspicuous in sections because of the arrangement of the numerous 
similar nuclei in a definite row. Critical examination of this bulb has 
failed to reveal a third definite group of cells in this organ. High 
magnification shows that the scattering nuclei represent only occasional 
cells interpolated between the extensions of the other cells. It is possi- 
ble that the structure of this bulb represents a transition between the 
type represented by F. firma and that represented by F. tenera. 

SpermatheccB, — A rather surprising variation exists in these organs 
in the different specimens. In order to be sure of sexual maturity 
each spermatheca was examined carefully for spermatozoa, their pres- 
ence being taken as evidence that the specimen was sexually mature. 
The number of diverticula (PI. X, Fig. 28) varies from/ about 7 to 
II. They are of unequal size on the same spermatheca, and their 
number may vary in members of the same pair. They are more or 
less spherical, and the cavity of each has a wide communication with 
the lumen of the ampulla. In some cases the diverticula are quite 
distinct ; in others they are so obscure that at first sight there seems 
to be none, but closer examination shows that they are uniformly 
present. The ampulla is pear-shaped and connected with the digestive 
tract. There is considerable variation in the position of this connec- 
tion. In somle specimens it is near the mid-dorsal line and the ental 
ends of the two ampullae lie so closely together that only very careful 
examination of sections reveals the fact that they enter separately. 
In other specimens the ampullae unite with the digestive tract laterally, 
one exactly opposite the other. Furthermore, there is some variation 
in the way in which they approach the digestive tract. They may ap- 
proach similarly, or the ampulla on one side may curve dorsad and 
unite with the digestive tract near the mid-dorsal line, while the other 
extends directly to the mid-lateral surface and unites at that point. The 
spermathecal duct is straight and its ectal opening is devoid of glands. 
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Fridericia oconeensis n. sp. 

(PI. X, Figs. 35-37; PI. XI, Figs. 38-42) 

Definition. — Length, 13-17 mm. Diameter, 0.34-0.43 mm. 
Somites, 44-60. Color, whitish. Prostomium blunt and rounded. 
Dorsal pores begin on VII. Setae of unequal length, inner ones finer 
and shorter ; almost straight except for distinct bend at proximal end ; 
4-6 per bundle for almost entire length of body, sometimes as many 
as 8 per bundle; 1-4 per bundle in last few somites. Clitellum on 
XII-XIII. Lymphocytes numerous, elliptical to circular in outline. 
Brain about twice as long as wide; posterior margin distinctly con- 
ve3j; anterior margin slightly convex; lateral margins divergent 
caudad. Peptonephridia long, tuberculate, with but few branches, 
which arise irregularly along main part of each organ. Dorsal vessel 
arises in XX. Nephridia with anteseptal and postseptal parts of about 
same size ; efferent duct arises from anterior part of latter near septiun. 
Spermiducal funnel with length about twice the diameter, cylindrical, 
bent near posterior end, with well-marked funnel-shaped collar; duct 
long, much contorted, and confined to XII. Spermathecae each with 
pear-shaped ampulla which connects with digestive tract and bears a 
circle of seven diverticula; duct about twice as long as ampulla; ectal 
end with a few small unicellular glands. 

Described from six sexually mature specimen^. Type and para- 
types in the collection of the writer. Paratypes also in the collection 
of Professor Frank Smith. 

The specimens which are the basis of this description were col- 
lected near Oconee, Illinois, November 5, 1910. They occurred rather 
abundantly under the decaying bark of fallen timber. Of the total 
number of specimens collected at that time about one-half were sexu- 
ally mature. 

Affinities, — This species belongs to the group having more than 
two diverticula on a spermatheca. A careful comparison of its char- 
acters with the corresponding ones of the other species of the genus 
shows that it is a distinct form. It is difficult to compare it with 
some of the foreign species, since their descriptions are too brief to 
enable one to determine the relationship with any degree of accuracy. 
However, no foreign species appears to be closely related to this form. 
As regards the American species there is only one of them which 
might be regarded as a near relative, namely, Fridericia tenera Smith 
and Welch; and disregarding their minor differences, the characters 
of the brain and the peptonephridia are sufficient to separate them 
specifically. 
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EXTERNAL CHARACTERS 



The body is slender and has a length of 13-17 mm. In transverse 
section it is circular and has in the region of the clitellum a maximum 
diameter of 0.34-0.43 mm. In living specimens the body appears 
opaque and whitish. The prostomium is blunt, rounded, and rather 
short. The intersegmental grooves, excepting the first three or four, 
are very obscure. The number of somites is variable, the extremes 
being 44 and 60. The clitellum is well developed and occupies XII- 
XIII. The setse bundles usually contain 4-6 setae. Sometimes the 
number is as high as 8, but this happens rarely. In the last four or 
five somites the number varies from 1-4. The setae are shnple and 
straight except for the distinct bend at the proximal end. They are 
of different lengths in a bundle, the outer ones being longest and 
stoutest. The head pore is small and on o/I. In one of the prepara- 
tions the lymphocytes, which are abundant in the anterior part of the 
body, were passing out through this opening at the time of fixation. 
This seems corroborative of the statement of Cuenot ('97, p. 90) that 
the coelomic fluids are often exuded through the "dorsal pores" when 
the animal comes in contact with some irritating substance, and it 
is possible that in this instance the chloretone was the irritating sub- 
stance. 

The cuticula is thick, firm, and approximately uniform in thick- 
ness throughout the length of the body. In the first few somites the 
hypodermis is about 2-2j^ times thicker than the cuticula, but through- 
out the greater part of the body the latter has about the same thick- 
ness as the former, being sometimes even slightly thicker. The pres- 
ence of the thick cuticula in these specimens evidently supports the 
statement of Vejdovsky ('79, p. 11) that species living in compara- 
tively dry localities are characterized by a thick cuticula. The speci- 
mens of oconeensis were found under the decaying bark of fallen tim- 
ber, and while the decaying wood in which they lived was somewhat 
damp, yet the percentage of moisture was low. 

INTERNAL CHARACTERS 

Brain. — This organ (PI. X, Fig. 35) occupies a median dorsal po- 
sition in I and II, being chiefly in the latter. Both anterior and 
posterior margins are convex; the lateral margins converge cephalad. 
The average of a number of measurements shows that it is about 
twice as long as wide. These two dimensions differ somewhat in 
different specimens, but the ratio is nearly uniform. A fairly rep- 
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resentative brain measured as follows : length, 0.153 mm., width, 0.085 
mm. A distinct neurilemma encloses the organ and is slightly thick- 
ened on the posterior margin. Two pairs of strands attach the organ 
to the body wall, one arising near the mid-lateral part and the other 
from a latero-posterior position. In transverse section the brain is 
almost circular. 

PeptonephridicL — ^Two of these organs (PI. XI, Fig. 39) lie ven- 
trad to the digestive tract, one on either side of the median line. Each 
opens independently into the cesophagus in a latero-ventral position 
in the posterior part of IV. There is some variation in length. In 
some specimens they extend into VII and in others oniy to VI. The 
general structure is, however, the same. They lie parallel to the di- 
gestive tract, and both gradually diminish in diameter towards the 
terminus. They are roughly tuberculate in appearance and give off 
short single tubular branches at irregular intervals. The branching is 
much more marked at the posterior end, although even there it is 
sparse. Anteriorly the branches are given off only at wide intervals, 
are short, and show no secondary branching. 

Chylus Cells. — Chylus cells occur in the wall of the intestine in 
J^XIV-XVIII. As in certain other species of Fridericia previously 
described, the epithelial layer of the intestinal wall in this region (PI. 
XI, Fi^s. 38, 41) is composed of two distinct kinds of cells, the ental 
epithelial cells, which line the lumen of the intestine, and the chylus 
cells, which lie deeper in the intestinal wall and meet the lumen only at 
points between the ental epithelial cells. The ental epithelial cells are 
wedge-shaped, the larger ends being entad. In sections the smaller 
ends appear to be inserted between the apices of the chylus cells either 
singly or in groups of two, usually the latter. Each ental epithelial 
cell contains a large elliptical nucleus in the ental end, and the surface 
bordering on the intestinal lumen has numerous long cilia. The ectal 
end is in contact with the perivisceral blood sinus. Each chylus cell 
is flask-shaped, the broader end being ectad, and is about three times 
as long as broad. The base is long and slightly truncate, the apex 
rather pointed, exposing little surface to the lumen of the intestine, 
and the sides of the cell converge gradually entad. The intracellular 
canal extends the full length of the cell. Its apical half is straight or 
nearly so, but the basal part often shows two distinct spiral turns. The 
lining of this canal appears to be little more than a mere bounding 
membrane. Only the apical half of the canal is ciliated. The re- 
lation to the perivisceral blood sinus is intimate. As shown in figures 
38 and 41 the surface of the base and from one half to two thirds 
the length of the sides are in contact with the sinus. A distinct 
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spherical nucleus lies in the base of each cell, usually in one of the 
broader angles madfe by the curves of the intracellular canal. Inter- 
stitial cells are absent. 

The characters of the chylus' cells are uniform, and tend to con- 
firm Eisen's conclusion that they have taxonomic value. A compari- 
son with other species in which the chylus cells have been worked out 
shows that in none of them do these cells resemble closely those of 
Qconeensis, 

Nephridia. — The nephridia are rather large and conspicuous. The 
anteseptal part (PI. X, Fig. 36) is approximately as large as the post- 
septal part. The first pair appears on VI/VII. The efferent duct 
arises from the postseptal part a short distance from the septum and 
opens exteriorly just anterior to the ventral setae bundles. The lumen 
is very tortuous throughout its entire length. 

Spermiducal Funnel. — The spermiducal funnel (PI. XI, Fig. 40) 
is cylindrical. The posterior end diminishes uniformly to the diam- 
eter of the sperm duct which arises from it. The anterior end is char- 
acterized by a well-developed protruding funnel-shaped collar, dis- 
tinctly set off by a transverse constriction. The length of the funnel 
is about twice its diameter. It lies in the usual position, with the 
anterior end pointing dorso-cephalad owing to the distinct bend in 
the body of the funnel. The lumen is eccentric as shown in trans- 
verse section, being nearest the ectal surface of the organ. 

Penial Bulb. — The structure of the penial bulb (PI. XI, Fig. 42) 
conforms to the lumbricillid type as defined by Eisen. It is composed 
of cells of one kind only. Each cell has two parts; the main body, 
which lies near the periphery of the bulb and contains a large oval 
nucleus, and the prolongation, which reaches to the penial lumen. The 
body of each cell has a strong affinity for stains, while the prolonga- 
tion stains only very slightly. The sperm duct unites with the bulb 
on the dorso-ectal surface, where it meets the penial lumen. The 
bulb is covered by a well-developed musculature. The general struc- 
ture of this organ is the same as in Fridericia tenera Smith and Welch, 
but when the two bulbs are carefully compared, distinct differences 
appear in shape, in the mode of union of the sperm duct with the bulb, 
in the musculature, and in the character of the component cells. 

Spermatheccc, — Each spermatheca (PI. X, Fig. 37) has three well- 
differentiated parts ; the duct, the ampulla, and the diverticula. The 
duct opens laterad in IV/V. Two or three inconspicuous unicellular 
glands occur at this opening, but they are so small that high magnifica- 
tion is required to distinguish them. The duct is approximately uni- 
form in diameter throughout its length and is usually more than twice 
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as long as the ampulla. Measurements of this duct in a number of 
specimens show the length to be about 13-15 microns. The pear- 
shaped ampulla unites with the digestive tract well down on the side 
of the latter in the posterior part of V, thus bringing the openings of 
the spermathecae almost directly opposite each other. The ampulla is 
6-7 microns long ; has a conspicuous lumen ; and bears seven globular 
diverticula, which are arranged in a single whorl. The diverticula 
differ somewhat in size, but the structural plan is the same in all, and 
the lumen of each is continuous with the lumen of the ampulla. An 
examination of a number of sexually immature specimens showed that 
the spermathecae are the last of the reproductive organs to attain their 
complete development: Some of the specimens, with all of the other 
reproductive organs well developed, had small spermathecae, with the 
ducts and ampullae well developed but lacking the diverticula, the only 
indication of their future position being the rounded collar-like 
shoulder on the ectal end of each ampulla. A later stage in the de- 
velopment was noted in which the above-mentioned shoulder of the 
ampulla had begun to show slight divisions and the boundaries of the 
diverticula were becoming distinct. Intermediate stages showing the 
transition between the above-described stages were also found. While 
no material was available for a study of very early stages in the de- 
velopment of the spermathecae, it is quite probable that the following 
order of development obtains: (i) the development of the duct, (2) 
the development of the ampulla, and (3) the development of the di- 
verticula. 

Fridericia sima n. sp. 

(PI. XI, Figs. 43-^9; PI. XII, Figs. 50, 51) 

Definition. — ^Length, 15-19 mm. Diameter, 0.45-0.57 mm. 
Somites, 52-58. Color, whitish with slight tinge of yellow. Pro- 
stomium prominent and pointed. Dorsal pores begin on VII. Setae 
of the typical Fridericia type; 4-6 (rarely 7 or 8) setae per bundle in 
the anterior region; 4 (rarely 5) per bundle in middle region; and 2-3 
per bundle in the posterior region. Clitellum on XII-^XIII. Brain 
about twice as long as wide; posterior margin moderately convex, 
anterior margin very convex and slightly pointed at extremity, lateral 
margins almost parallel. Peptonephridia simple, unbranched, and con- 
fined to V. Dorsal vessel arises in XX. Nephridia with well-de- 
veloped anteseptal and postseptal parts, the latter being longer and 
slightly larger than the former. The efferent duct arises from the 
ventral side of the postseptal part about midway of its length ; small 
distinct reservoir present at its ectal opening. Spermiducal funnel 



164 

cylindrical, about twice as long as its greatest diameter, with distinct 
protruding collar. Spermathecae with duct and ampulla distinctly- 
differentiated ; ampulla simple, thin-walled, pear-shaped, and devoid 
of diverticula; junction with the digestive tract on the dorsal surface 
of latter but distinct from corresponding junction of opposite sper- 
matheca; duct about twice as long as ampulla, with no glands at ectal 
opening. 

Described from ten sexually mature specimens. Type and para- 
types in the collection of the writer, and paratypes in the collection 
of Professor Frank Smith. 

The specimens which are the basis of this description were col- 
lected near Urbana, Illinois, April I, 191 1. They were all in a very 
restricted locality in undisturbed forest-land, under the decaying 
leaves, and at a slight depth in the rich moderately moist humus. The 
majority of the specimens collected were sexually mature. 

Affinities. — ^The structure of the spermathecae puts this form into 
the group of species having no diverticula on the ampulla. There 
'are at present but six representatives of this group in North America, 
the majority of them being found in Europe. This worm evidently 
has no close relatives among the foreign forms since the differences 
existing between them are numerous and well marked. Of the six 
American species, only two, F. alba Moore and F, parva Moore (=F. 
bulbosa Rosa?), appear to be at all closely allied to F, sima, and both 
of these show several distinct differences from the new species. 

EXTERNAL CHARACTERS 

The body is slender, cylindrical, and tapers from XII or XIII 
gradually towards the two extremities. The length varies from 15 
to 19 mm. The diameter is greatest in the region of the clitellum and 
varies from 0.45 to 0.57 mm. The color of the living worm is whitish 
with a slight tinge of yellow. The intersegmental grooves are ob- 
solete in all parts of the body except in the extreme anterior region, 
where the first of these grooves and sometimes the second and third 
grooves are well marked. The somites vary from 52 to 58. The 
clitellum is on XII-^^XIII and is well developed. The prostomium 
(PI. XI, Fig. 47) is prominent and pointed. It varies slightly in 
shape, but the typical form is that indicated in the figure. In one 
or two of the specimens examined the prostomium was shorter and 
more rounded, but it is possible that this difference was due to a con- 
traction of the specimens. The setae are of the typical Fridericia type. 
They are well developed, and the greater part of their length pro 
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jects beyond the body wall. In the anterior region there are 4-6 
(rarely 7 or 8) setse per bundle; in the middle region, 4 setae (rarely 
5) per bundle; and in the posterior region, 2-3 setae per bundle. 

INTERNAL CHARACTERS 

Brain. — ^The brain (PI. XI, Fig. 48) lies in the dorsal part of I 
and II, chiefly in the latter. It is about twice as long as wide. The 
posterior margin is broadly convex, while the anterior margin is 
strongly so. The lateral margins are approximately straight and al- 
most parallel, diverging only slightly caudad. In transverse section 
the brain is elliptical in outline, its long diameter being approximately 
twice as long as its shorter one. Two pairs of supporting strands arise 
from its posterior part and extend obliquely across the coelom to unite 
with the body wall. 

Peptone phridia. — The peptonephridia (PI. XI, Fig. 43) are simple 
and unbranched. They arise from the digestive tract in the anterior 
part of V and extend caudad approximately parallel to it, ending 
in the posterior limit of V. The openings into the digestive tract 
are latero-ventrad. Both peptonephridia are practically of the same 
length and the free ends are usually closely approximated. In shape 
these organs are cylindrical, sometimes slightly flattened. The maxi- 
mum diameter is just caudad of the point of union with the digestive 
tract, and from there the organs taper gradually to their free ex- 
tremities. Slight irregularities on the surface produce a tuberculate 
appearance, which, however, is not strikingly distinct. Sections show 
these organs to be tubular, and conspicuous nuclei appear in the walls. 

Chylus Cells. — Chylus cells (PI. XI, Fig. 46) occur in the wall 
of the intestine in a region including the caudal third of XIV and ex- 
tending to the anterior part of XVII. In longitudinal sections this 
region is very easily located by the abrupt increase in the thickness 
of the intestinal walls. The cells are rather closely crowded, forming 
an almost continuous layer. They are flask-shaped, somewhat trun- 
cate at the ectal end, and the sides converge slightly en tad. The in- 
tracellular canal is distinct and its apical course is straight, but the 
basal portion is bent at almost a right angle and is sometimes slightly 
sinuous. The lining of the canal appears to be a very thin cytoplasmic 
layer, but in many of the preparations it is rather difficult to dis- 
tinguish it. Cilia are present for almost the entire length of the 
canal. The perivisceral blood sinus is quite large in this region, trans- 
verse sections of the worm showing it to be in contact with the 
greater part of the surface of the cells. The ental epithelial cells are 
more or less block-shaped, distinctly nucleated, heavily ciliated on 
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the ental surface, and form a layer of which the continuity is broken 
only by the apical parts of the chylus cells. No interstitial cells are 
present. 

Nephridia. — ^The nephridia appear first on VI/VII. The ante- 
septal part (PL XI, Figs. 44, 45) is well developed, ovate, and pro- 
vided with a distinct ciliated nephrostome. The postseptal part is 
longer and slightly larger than the anteseptal part. There appear 
to be two divisions in the former ; an anterior smaller one and a pos- 
terior larger one. The smaller region is a kind of neck by which the 
posterior large one is joined to the anteseptal part. The origin of the 
efferent duct presents an interesting feature.' It becomes distinct from 
the ventral surface of the postseptal part at about the middle of its 
length. A critical examination of the nephridia in the various parts 
of the body and in the various specimens reveals two rather distinct 
features which seem to throw light upon the true origin of the duct. 
A number of nephridia were studied in which it was evident that the 
posterior end of the nephridiimi was reflected ventrad upon itself 
(PL XI, Fig. 44) for some distance and then diverged as the duct 
proper, thus pointing to the fact that the duct really arises from the 
posterior end of the postseptal part. It should be noted that this 
reflected portion meets and attaches itself to the ventral side of the 
nephridium proper, the line of union appearing in sections only as 
a single line of fusion. Quite a number of nephridia were found (PL 
XI, Fig. 45) in which the above-described condition of the caudal 
end of the postseptal part was not shown, the duct arising from the 
ventral surface of the postseptal part about midway of its length. 
This variation may be interpreted by regarding the first condition as 
the transitional stage and the second one as the resulting one. An- 
other interesting observation is connected with the efferent duct, a 
small but distinct reservoir being present at its ectal extremity. Just 
before the lumen of the duct reaches the exterior it expands into a 
more or less flask-shaped reservoir which in turn opens to the ex- 
terior through a small pore. The lumen of the nephridium is much 
longer and more contorted in the postseptal than in the anteseptal 
j)art. 

Spermiducal Funnel. — ^The spermiducal funnel (PL XI, Fig. 49) 
is cylindrical, usually slightly bent, and approximately twice as long 
as the greatest diameter. There is a distinct collar set off from the 
body of the funnel by a constriction. This collar is not reflected, but is 
funnel-shaped. 

Penial Bulb.— The penial bulb (PL XII, Fig. 51) is of the lum- 
bricillid type. It is rather simple in its structure and moderate in 
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size. In transverse section it appears as an elliptical structure with 
the long diameter approximately parallel to the penial invagination. 
The greater part of the ental surface of the organ is covered with a 
well-developed musculature which is a continuation of the circular 
muscle layer of the body wall. The body of the bulb is composed of 
cells of one kind, which have their enlarged nucleated parts near the 
periphery and each of which sends a long process in an ectal direction. 
These prolongations lie parallel to each other, and the majority of 
them end radially around the penial lumen. Others end on the ectal 
surface ventrad to the penial pore. The sperm duct unites with the 
bulb on the ectal surface. In the retracted state the penial Itrnien 
shows a very decisive bend of about 120 degrees before it opens into 
the invagination. None of the specimens examined showed the bulb 
in the everted condition. Many of the preparations showed a break 
or cleft in the body of the bulb which conformed in direction to the 
long diameter and, in a single section, appeared to separate the 
nucleated ends of the cells from the greater part of the cell prolonga- 
tions. 

Spermathecco. — Each spermatheca (PI. XII, Fig. 50) consists of 
two clearly differentiated parts, the ampulla and the duct. The am- 
pulla is simple, pear-shaped, and has no diverticula. Its inner end is 
united with the latero-dorsal part of the digestive tract in the pos- 
terior part of V. The cavity of the ampulla conforms in genersd to 
the shape of the exterior. The walls are rather thin except at the 
,ectal end, where they are conspicuously thicker. The duct extends, 
with very few curves, to its external opening in the anterior part of 
V. There are no glands at the ectal opening. The duct is about 
twice as long as the ampulla. The external hypodermis surrounding 
the external opening of the duct is distinctly thickened. 

ENCHYTRiEUS Henle 

The genus Bnchytrmts was established by Henle in 1837, and al- 
though tilt limits of the group have been altered from time to time 
it appears to have a permanent place in the family. Michaelsen ('00, 
p. 88) defines the genus as follows : "Borsten in 4 Biindeln, 2 ven- 
tralen und 2 lateraJen, gerade, die- eines Biindels gleich lang. 
Kopf porus klein, dorsal zwischen Kopflappen und i . Segm. ; Riicken- 
poren f ehlen. Ursprung des Riickengef asses postclitellial ; Blut meist 
farblos; Herzkorper fehlt. Lymphkorper von einerlei Gestalt. 
Peptonephridien vorhanden oder fehlend; der Oesophagus geht all- 
msUilich in den Mittddarm iiber. Ausfiihrungsgang der Nephridien 
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am hinteren Pol des Postseptale entspringend, meist sehr kurz. Sam- 
enleiter lang. Samentaschen mit dem Darm kommunizierend, ohne 
Divertikel/' 

In the light of recent work this definition is faulty. The state- 
ment that the spermathecae communicate with the digestive tract does 
not always hold, since in B. modestus Eisen there is no such connec- 
tion ; and the statement that the spermathecae have no diverticula can 
not now stand, since species have been described (JS. alaskce Eisen, 
B. saxicola Eisen, and B. citrinus Eisen) in which there are diver- 
ticula on the ampulla. 

Eisen ('05, p. 61) modified the definition of the genus as follows: 
"Setae of equal lengfth and straight. Head-pore between pro- 
stomium and somite I, always small. No dorsal pores anterior to 
clitellum. Intestine and oesophagus gradually merging into each other. 
Dorsal vessel rises posterior to clitellum from a vascular sinus of 
the intestine. One pair of sperm-sacs, surrounded by peritoneal mem- 
brane, project from the testes forward. No single penial bulb, but one 
or more isolated glandular papillae situated in the vicinity of the sper- 
miducal pores, generally and principally ventral to the pores. Numer- 
ous transverse muscles connect the ventral and lateral parietes sur- 
rounding the spermiducal pores. Peptonephridia glands present or 
absent. One kind of lymphocytes. Intestine generally with chylus 
cells." 

It will be noted that in Eisen's definition statements concerning 
the sperm sacs and the structure of the penial bulb have been added. 
It is doubtful if either of the two points made can be considered as 
constant features of the genus. In B. gillettensis n. sp. and B. indicus 
Stephenson sperm sacs are absent, and in certain species recently de- 
scribed (-B. nodosiis Stephenson, £. dubitis Stephenson, and others) 
no mention is made of them. Furthermore, H. gillettensis has a sin- 
gle compact penial bulb not broken up into isolated papillae, and £. 
fwdosus is similar in this respect. It thus appears that the structure 
of the penial bulb in this genus as described by Eisen is not a constant 
character. 

About thirty-two species have been assigned to this genus, and of 
this number eight have been recorded from North America and its 
adjacent islands. Seven of the eight species were originally described 
from this continent. The list and type localities are as follows: 
E, modestus Eisen (Orca, Prince William Sound, Alaska), jB. met- 
lakatlettsis Eisen (Metlakatla, Alaska), B. kincaidi Eisen (Popof Isr 
land, Alaska), B. alaskcB Eisen (Gar forth Island, Muir Inlet, Glacier 
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Bay, Alaska), B. saxicola Eisen and B. citrinus Eisen (Lowe Inlet, 
British Columbia), B. marinus Moore (Bermuda Islands), and B. 
albidus Henle (Germany; N. American locality, Massachusetts, U. S. 
A.). One new species, JS. gillettensis , is described in the following 
pages. 

Key to the Species oi^ Enchytr^us known to occur in 

North America 

1 (lo) Diverticula present on ampulla of spermatheca. 

2 (7) One diverticulum on ampulla of spermatheca, 

3 (6) Spermiducal funnel with length not exceeding four times the 

diameter. 

4 (5) Peptonephridia present; brain with convex posterior margin; 

length, 20-25 mm kincaidi 

5 (4) Peptonephridia absent; posterior margin of brain with slight 

median concavity; length, about 10 mm marinus 

6 (3) Spermiducal funnel very long and narrow, length exceeding 

four times the diameter ; posterior margin of brain with deep 
emargination ; extensive sperm sacs present; length, 15-20 
mm saxicola 

7 (2) Two diverticula on ampulla of spermatheca. 

8 (9) Posterior margin of brain concave; diverticula of spermatheca 

equal in size alaskce 

9 (8) Posterior margin of brain convex; diverticula of spermatheca 

unequal in size citrinus 

10 (i) No diverticula on ampulla of spermatheca. 

11 (12) Spermatheca not connecting with digestive tract, straight and 

more or less covered throughout its entire length with small 
glandular cells; no distinct and enlarged ampulla, .modestus 

12 (11) Spermatheca connected with digestive tract. 

13 (16) Spermatheca short and stout, the duct being about the same 

length as ampulla; length exceeding 10 mm. ; somites over 50. 

14 (15) Duct of spermatheca not set off distinctly from ampulla; con- 

nects with digestive tract at one side of ampulla and not at 

apex; large compact crown of glands at ectal opening 

metlakatlensis 

15 (14) Duct of spermatheca distinctly set off from ampulla; connection 

with digestive tract apical; ectal half of duct covered with 
closely set pear-shaped gland cells albidus 

16 (13) Spermatheca long and slender, the duct being about four times 

as long as ampulla ; glands cover entire length of duct; length, 
2.5— 4-5 mm. ; somites, 25-27 gillettensis 
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ENCHYTRi^US GILLETTENSIS n. sp. 
(PL XII, Figs. 52-56) 

Definition. — Length, 2.5-4.5 mm. Diameter, 0.144-0. 188 mm. 
Somites, 25-27. Color, whitish. Prostomium blunt and rounded. 
L)miphocytes few in number, ovoid, nucleated. Setae straight, those 
of a bundle of equal size; number per bundle, 2-3, rarely 4 or 5. 
Clitellum on XII-XIII. Brain about twice as long as broad ; anterior 
margin concave; posterior margin almost straight; lateral margins 
converging cephalad. Peptonephridia present, arising from dorsal 
surface of pharynx in III as two separate organs ; slightly branched ; 
usually terminating in a large mass. Dorsal vessel arises in XIV. 
Anteseptal part of nephridia small and inconspicuous, comprising little 
more than the nephrostome ; postseptal part large ; short efferent duct 
arises from posterior end of postseptal part. Length of spermiducal 
funnel 3 to 4 times the greatest diameter ; collar distinct ; distinct bend 
in middle of funnel. Duct of spermatheca about four times the lengfth 
of ampulla and completely covered with small glands ; ampulla spheric- 
al, thin-walled, destitute of diverticula, and connected with digestive 
tract. 

Described from fifteen specimens, all of which are sexually mature. 
Type and paratypes in the collection of the writer. Paratypes also in 
the collection of Professor Frank Smith. 

The specimens which form the basis of this description were col- 
lected by Dr. George R. LaRue at Gillette Grove, Iowa, in August, 
1 910. They were found in damp black soil, under the drip of a build- 
ing. 

AlHnities. — Nothing definite can be accomplished in attempting to 
establish the relationships of this species owing to the incomplete and 
ambiguous descriptions of some of the European species. All that can 
be done at present is to call attention to the apparent similarity which 
exists between this form and some of the other species as judged by 
those characters which are described" in sufficient detail to be used in 
diagnosis, keeping in mind meanwhile the possibility that future in- 
vestigation may show that they are not at all closely related. This 
species approaches B. argenteus Mchlsn. closely in some respects, but 
shows differences in the characters of the nephridia, the spermiducal 
funnel, and the spermathecae. In other particulars it resembles JS. 
sabulosus Southern, but distinct differences exist in size, number of 
somites, the brain, and one or two other organs. It also resembles 
B. indicus Steph. but differences exist in the peptonephridia and the 
spermatheca. Of the American species it most nearly approaches B. 
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albidus Henle; but here distinct differences occur in lengfth, number 
of somites, and spermathecae. 

EXTERNAL CHARACTERS 

Twenty-seven alcoholic specimens have a length varying from 2.5 
to 4.5 mm. They had been carefully killed and fixed, and since mi- 
croscopical examination of the whole series showed no conspicuous 
contraction it is safe to consider these measurements as fairly ac- 
curate. The number of somites is rather constant, varying within the 
limits of 25 and 27. The greatest diameter, which is in the region of 
the clitellum, is o. 144-0. 188 mm. The body is smooth, cylindrical, and 
tapers very gradually caudad from the clitellumi The clitellum is only 
moderately developed and occurs on XII and XIII. It is interrupted 
on the mid-ventral surface. The intersegmental grooves are most dis- 
tinct in the anterior region ; posteriorly they tend to become obsolete. 
The prostomium is blunt and rounded. The setae are sufficiently de- 
scribed in the definition. 

INTERNAL CHARACTERS 

Lymphocytes. — The lymphocytes are scattered throughout the 
greater part of the coelom, but occur only in small numbers. They are 
nucleated, ovoid, and have a decided affinity for stains. 

Chloragog Cells. — The elongated club-shaped chloragog cells are 
very highly developed. They first appear in V, and from that point 
caudad they almost completely cover the digestive tract, filling the 
greater part of the coelom. The cytoplasmic contents are distinctly 
reticular and sometimes appear to be alveolar in structure. 

Brain.— The brain (PI. XII, Fig. 52) lies chiefly in I and II. The 
length varies slightly in the different specimens, but the ratio of the 
length to the greatest diameter appears to be almost uniformly 11:6. 
The posterior margin is approximately straight, although in some 
specimens there is a slight convexity. The lateral margins converge 
anteriorly, the smallest width being just posterior to the origin of the 
commissural trunks. The anterior margin is concave and slightly V- 
shaped. A neurilemma surrounds the brain and appears to be thick- 
est about the posterior margin. Two pairs of strands connect the 
brain with the body wall, one pair arising from the lateral margins 
near the region of the greatest diameter, the other arising near the 
region of junction of the lateral margins with the posterior one. In 
transverse section the brain is ovoid in shape. Close examination of 
cleared specimens showed the presence of an elliptical area in the re- 
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gion of the greatest width, Eisen ('05, p. 62) calls attention to this 
area as follows: "The brain in Enchytrcrus is characterized by the 
circular mass of fibers in the posterior part of the fiber belt in the 
brain. As this structure has not been studied in detail its nature is 
not understood." Dr. Eisen evidently regarded this structure as more 
or less characteristic of the genus, although he makes no mention of 
it in the description of the brain in his alaskcB and citrinus, and his 
figures of these species do not show any indication of its presence. 
The writer has nothing to contribute to our knowledge of this area, 
but it is certainly present in B. gillettensis, 

Peptonephridia, — These organs are very conspicuous in the ante- 
rior region of the body. They are similar and arise, one on either 
side, from the dorsal surface of the pharynx immediately posterior to 
its dorsal epithelial thickening in III. They extend caudad for about 
the lengfth of one somite. Each shows irregular branches, and makes 
irregular contortions in the coelom on either side of the digestive tract. 
These organs terminate in a peculiar manner. In some specimens 
both peptonephridia merge into a large mass dorsad of the digestive 
tract ; in other specimens only one organ ends in this mass ; and in one 
preparation this mass is absent. 

Nephridia, — These organs (PI. XII, Fig. 54) are large and appear 
as conspicuous masses on the floor of the coelom. The anteseptal part 
is small and inconspicuous, being little more than a nephrostome. The 
postseptal part is large, ovoid, and comprises the bulk of the organ. 
The nephridia appear to differ slightly in shape in the v^arious regions 
of the body, the anterior ones being somewhat shorter and thicker than 
those posterior to the clitellum. The short efferent duct arises from 
the posterior surface of the postseptal part, bends abruptly ventrad, 
and opens to the exterior slightly ventrad to the posterior end of 
this part. 

Spermiducal Funnel. — ^The spermiducal funnel (PI. XII, Fig. 55) 
is cylindrical, rather small, and 3 tb 4 times as long as broad. The 
collar is well developed and is set off by a distinct constriction. The 
funnel usually shows a marked bend in the middle, the convex aspect 
being dorsad. The maximum diameter is just back of the collar. 
From this point it gradually diminishes, the funnel merging into the 
sperm duct without any abrupt decrease of diameter. 

Penial Bulb. — The penial bulb (PI. XII, Fig. 56) is compact, 
globular, and enclosed in a simple muscular investment. It is com- 
posed of cells of a single kind which all appear to empty at the body 
surface. Large spherical nuclei lie in the ental ends of the cells, show- 
ing in transverse section as a continuous row around the periphery of 
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the bulb. A few nuclei appear in the vicinity of the sperm duct. This 
duct penetrates the bulb on its ectal side, and after making a bold 
curve within the bulb opens into the shallow invagination. The bulb 
is covered by a thin sheet of peritoneal membrane beneath which lies 
a thin layer of muscle tissue. This musculature does not penetrate 
the bulb, nor is the bulb divided into separate parts as seems to be the 
case in some species of this genus. 

SpermatheccE. — ^Two moderately developed spermathecae are pres- 
ent in V. Each spermatheca (PI. XII, Fig. 53) is distinctly differ- 
entiated into two regions, the duct and the ampulla. The duct is 
about four times longer than the ampulla, and is covered throughout 
its entire length with small glands which give it a tubercuJate appear- 
ance. The lumen is very fine and the walls of the duct are thick. There 
seem to be a few additional unicellular glands at the ectal opening, 
but they are small and not easily seen. The ectal opening is some- 
what latero-ventral in position and occurs near IV/V. From this 
point the duct extends, without contortions, in a dorso-meso-caudal 
direction. Before reaching the digestive tract it merges into the am- 
pulla. The ampulla is spherical, thin-walled, and unites with the lat- 
eral surface of the digestive tract by means of a short duct-like ex- 
tension. All of the specimens studied showed masses of sperm cells 
in the globular ampulla. 

The Penial Bulb as a Character in Ci^assification 

Previous to 1905 the structure of the penial bulb had not been 
critically examined and no attempt had been made to discover in it 
characters of taxonomic importance. It had been seen and very briefly 
described by some of the earlier workers (Vejdovsk^, Michaelsen, et 
o/), but the finer details of structure were neglected. Asa conse- 
quence scarcely any of the earlier publications on BnchytrcndcB give 
information, either in text or figures, which can be used in estimating 
the taxonomic value of this organ. Eisen ('05) made critical studies 
of it in about fifty species, distributed among eight genera, and gave 
descriptions and figures of the structure of the organ in each case. 
Unfortunately these species were not evenly distributed among the 
eight genera, since in two of them but one species each was examined, 
and in another only two species. The most thoroughgoing examina- 
tion was made in the genus Mesenchytrceus, in which twenty species 
were studied. The results of this extended study are given by Eisen 
('05, p. 6) as follows: 

"The present arrangement of the various genera is partly tenta- 
tive. Until now the structure of the penial bulb has not been critic- 
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ally examined, except in a few species besides those described in this 
paper, and it is in reality only a supposition that the structure of the 
penial bulb is uniform in the respective species of a genus. I think, 
however, this assumption will prove to be correct. The species within 
each of the genera which have been examined have proved to corre- 
spond in all particulars to such an extent that it may be safely assumed 

that the other species will also agree The copulatory cushion 

or penial bulb is of considerable importance in the classification of 
BnchytrceidcB, and I have, as far as it has been possible, investigated 

its structure in all of the species described in this paper it seems 

almost certain that a great uniformity of structure exists in the differ- 
ent species of the same genus, or in the same genera of the various 
subfamilies. The structure of the penial bulb or corresponding organs 
can therefore be said to be highly characteristic of both species, gen- 
era and subfamilies." 

According to Eisen there are three distinct kinds of bulbs, the 
mesenchytraeid bulb, the enchytraeid bulb, and the lumbricillid bulb, 
which he defines as follows ('05, p. 7) : — 

"The Mesenchytrseid bulb is a single muscular structure, contain- 
ing circular muscles as well as fan-shaped muscular bands connecting 
the body wall with the periphery of the bulb. Between the muscular 
bands are generally found numerous penial glands which open on the 
surface of the bulb around the penial pore. The sperm-duct pene- 
trates the bulb, opening on the center of its outer surface. 

"The Enchytraeid bulb is multiple, consisting of several separate 
cushions grouped around the penial pore. In these cushions we find 
several sets or fascicles of glands, each fascicle opening by itself on 
the surface of the body. There are no muscular bands connecting the 
base of the cushions with its periphery. The sperm-duct never pene- 
trates the bulbs or cushions but opens close to and independently of 
them. Exterior to the cushions there are numerous muscles connect- 
ing the body wall immediately surrounding the pore with other parts 
of the same somite. 

"The Lumbricillid bulb is always single and covered with a strong 
muscular layer, which however never penetrates down between the 
cells of the bulb. There are generally two or three distinct sets of 
glandular cells in the bulb. Some of these open in the lower part of 
the sperm-duct, or rather in a narrow groove in the elongation of the 
sperm-duct. Others open on the free surface of the bulb, either ir- 
regularly or in narrow circular fields, bunched into fascicles. The 
sperm-duct penetrates one side of the bulb. In Bryodrilus the gland 
which opens in the extension of the sperm-duct is covered with a thin 
cushion of muscular strands, forming a bulb within a bulb." 
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Eisen distributed the eight genera he examined in this connection 
as follows : having the mesenchytraeid type of bulb — Mesenchytrmis; 
having the enchytrseid type of bulb — Bnchytrceus and Michaelsena; 
and having the lumbricillid type of bulb — Lumbricillus, Marionina, 
Bryodrilus, Henlea, and Frideticia. 

Eisen was convinced that the structure of the penial bulb is of 
"great taxonomic importance" and he used it as the chief character 
in distinguishing subfamilies, added it to the definitions of the genera, 
and gave it a prominent place in his descriptions of new species. 

The family BnchytrcBidce now contains sixteen genera and nearly 
three hundred species. Since Eisen's investigation was based on about 
fifty species distributed among eight genera it is evident that his work 
must be extended and his conclusions tested on other species and gen- 
era before the structure of the penial bulb can be considered as a safe 
diagnostic character. Considerable work has been done on foreign 
Enchytrceidce since 1905, but it has been in the formj of numerous 
small papers, no comprehensive works having appeared. As a conse- 
quence the systematic value of the penial bulb has been but little dis- 
cussed. Stephenson ('11, p. 54) is inclined to discredit the use of the 
penial bulb "as a basis for the distinction of subfamilies or, even, per- 
haps, of genera." Most other foreign workers have been noncom- 
mittal on the subject. 

There is no doubt that the discovery of taxonomic characters in 
the structure of a rather conspicuous internal organ such as the penial 
bulb is a step in advance, and the desirability of adding to the some- 
what limited list of specific and generic characters in BnchytrccidcB is 
obvious to any one who has worked in the group. The writer has 
given special attention to the structure of this organ in all of his work, 
and critical studies have been made on all of the species and genera 
available, not only with the view of determining the minute structure 
of this interesting organ, but also to test the validity of Eisen's con- 
clusions as to its systematic significance, hoping to add something 
new, if possible, to the data already accumulated. 

Some interesting results have been obtained. In some cases they 
lend support to Eisen's conclusions ; in others it is apparent that cer- 
tain limitations and alterations must be made in Eisen's system; and 
in still others it is clear that certain generic differences given by Eisen 
do not hold. Owing to the importance of this subject the results of 
the present study will be discussed in some detail. The studies of the 
writer on the penial bulb have been made on fourteen species dis- 
tributed among five genera, namely, Henlea (urbanensis and mod- 
erata n. spp.), Marionina (forbesce Smith and Welch), Lumbricillus 
(rutilus n. sp. and insularis Ude), Enchytrceus (gillettensis n. sp. and 
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albidus Henle), and Fridericia (agilis Smith, tenera and firma Smith 
and Welch, agricola Moore, and sima, oconeetisis, and douglascnsis 
n. spp.). 

For convenience these genera will be considered separately, and in 
the order named. 

Henlea urbanensis and H. moderata have penial bulbs of the lum- 
bricillid type as defined by Eisen (see p. 174), and exhibit no peculiar- 
ity of structure calling for alteration in his conclusions. 

Eisen makes the following statement ('05, p. 90) concerning the 
character of the penial bulb in Marionina: *Tenial bulb without in- 
terior muscular strands There are two sets of glandular cells 

opening in the bulb. One set opens into the lower part of the sperm- 
duct, while the other opens onto the base around the pore." Accord- 
ing to his investigations, both M. alaskcs and M. americana conform 
to this description. 

Studies on M, forbescp have shown that while the bulb is like 
Eisen's lumbricillid type in being a single compact structure invested 
in a musculature which does not penetrate into the interior, it does 
not have two distinct sets of cells as required by his description of the 
genus. Instead, the cells are all of one kind and all apparently open 
on to the surface of the bulb. None could be found which emptied 
into the sperm duct. Michaelsen ('05b, pi. I) figures the penial bulb 
of M. falclandica, and although it can not be determined whether any 
of the cells open into the sperm duct, all of the cells in the bulb appear 
to be of the same kind. The bulb is, however, of the compact lumbri- 
cillid type. 

Benham ('05, p. 294, pi. XIV, fig. 9) describes and figures the 
penial bulb of M. antipodtim, which is a very small organ composed 
of similar cells through which the sperm duct penetrates. Opening 
into the dorsal surface is a conspicuous accessory gland which lies 
entirely outside the bulb and is much larger than the latter. Michael- 
sen ('05a) described the penial bulb in M. werthi as a small organ en- 
tirely concealed in the body wall and possessing an accessory (pros- 
tate) gland which extends into the body cavity. 

Since, then, in both M. antipodum and M, werthi the penial bulb 
has an accessory gland, it becomes necessary to modify the definition 
of the subfamily LumbricillincB to include this character. Further- 
more, it can no longer be said that the bulb in Marionina has uni- 
formly two sets of cells within it. 

Studies on Lumbricillus rutilus and L. insularis show that in both 
species the structure of the penial bulb conforms to the general lum- 
bricillid type as defined by Eisen and calls for no special comment in 
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this connection. It also appears that the descriptions of penial bulbs 
which have appeared in the literature since 1905 agree with the defini- 
tion of the lumbricillid type. Thus far no deviation from this type 
is known to occur in the genus. 

The characteristics of the enchytraeid type of penial bulb as de- 
scribed by Eisen have already been given. In defining the subfamily 
Bnchytrceince ('05, p. 61) he makes the following statement concern- 
ing the penial bulb: "In this family the penial glandular structures 
are not confined within a single bulb as in Lumbricillinae, but are broken 
up in two or more masses of papillae, often of unequal size. In a 
cross-section of the body these papillae may be seen to extend from the 
median line to the other side of the spermiducal pore, and even in the 
long diameter of the body the glands have a more or less considerable 
extension. In some species these glands are situated close to each 
other, in others again they are separated by the common tissue of the 
body-wall." According to Eisen two genera, Bnchytrceus and Michael- 
sena, are characterized by this type of penial bulb. In defining the 
genus EnchytrcBus Eisen makes the following statement : "No single 
penial bulb, but one or more isolated glandular papillae situated in the 
vicinity of the spermiducal pores, generally and principally ventral 
to the pores. Numerous transverse muscles connect the ventral and 
lateral parietes surrounding the spermiducal pores." 

The studies made by the writer on the genus Enchytrcetis show 
that Eisen's diagnosis can not be used safely in distinguishing it. E. 
gillettensis conforms in no respect to the type of penial structure which 
Eisen claims to be uniform for the genus, but has instead a single 
compact glandular bulb in which the muscular investment does not 
penetrate into the interior. No penial structures are present outside 
of the bulb, and the sperm duct penetrates the bulb. In fact, it is a 
typical lumbricillid bulb. Stephenson ('11, p. 50, pi. XLVIII, fig. 
10) describes and figures the penial structure in JS. nodosus, which, 
also, is of the lumbricillid type. It appears that at least two species 
of the genus are radically different in the structure of the penial bulb 
from the enchytraeid type as defined by Eisen. The writer has also 
studied the penial structure in sections of JS. albidus, made from 
specimens collected at Woods Hole, Massachusetts, by Professor Frank 
Smith. Michaelsen ('86b, p. 39, pi. II, fig. 3) described and figured 
the structure of the penial bulb in iS. mobii, which has been shown 
to be a synonym of B. albidus. The specimens from Massachusetts 
have penial bulbs which correspond exactly to the description given by 
Michaelsen. However, the structure of the bulb in JS. albidus does 
not conform entirely to the enchytraeid type of bulb. It is broken up 
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into a number of glandular parts or fascicles, but departs from the 
enchytraeid type in having a large central division which is simple, 
compact, globular, invested in a musculature, and penetrated by the 
sperm duct, — ^all of which are characteristics of the lumbricillid bulb. 

Stephenson ('ii, p. 56) described a new species, £. dubius, in 
which the penial bulb is described as follows: "The penial gland is 
not large ; its peculiarity is that it is bifid internally ; thus in a series 
of longitudinal sections it is first met with as a single mass, while, 
nearer the middle line, it is completely double. It is attached by two 
thick strands, composed of cells with large oval nuclei, to the dorso- 
lateral body-wall." The same writer ('12, p. 240) described another 
new species, JS. indictis, in which the penial bulb is a typical lumbricillid 
bulb. Southern ('09, p. 158) described a new species, JS. lobatus, 
in which the character of the bulb is given as follows: "The duct 
[sperm] ends in a penial bulb, half as large as the funnel." 

We may summarize for Enchytrceus as follows : — 

1. It is evident that the limitations laid down by Eisen concerning 
the variation of the penial bulb in Bnchytrceus do not hold. Future 
studies may show that the enchytraeid form of penial structure is the 
more common one but it can not be used as a diagnostic character. 

2. It appears that there are transitional stages in the structure of 
the penial bulb in the various species of this genus, ranging from the 
lumbricillid to the enchytraeid type. The bulb in E. gillettensis and 
E. nodosus is distinctly lumbricillid ; in JS. duhiiis there is a partial 
division of the bulb which is lumbricillid in type; in iS. albidus one 
of the several fascicles is lumbricillid in structure; and, finally, in 
quite a number of species the typical enchytraeid type prevails. This 
may be regarded as additional evidence in support of the contention of 
Stephenson ('11) that Enchytrcens and Lumbricillus are intimately 
related, and not widely separated as was formerly supposed. 

3. Until the structure of the penial bulb is thoroughly worked out 
in many of the known species of the genus, any attempt to make nec- 
essary modifications in Eisen's classifications must of necessity be 
tentative. At present the stability of the subfamily Enchytrcnnce is 
in question, and future work may necessitate its elimination. There is 
one bit of evidence which may prove to be of service in the final ad- 
justment of the matter, namely, the absence of penial bulb cells which 
open directly into the sperm duct. This seems to be the condition in 
all of the species of EnchytrcBus which the writer has studied, as well as 
in those worked out by other investigators. However, it seems doubt- 
ful if this one feature can be used as a diagnostic character of the 
genus, since a similar condition appears to exist in certain species of at 
least one other genus. 
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Eisen ('05, p. 108) characterizes the penial bulb of Fridericia as 
follows: "The penial bulb of Fridericia is quite characteristic and 
seems to be of similar structure in all of the species investigated by 
the author. There is only one kind of cells filling the bulb. These 
cells all open in the extension of the sperm-duct and along the surface 
of the bulb ; the duct connects with the bulb at the base of the latter 
and cannot strictly be said to enter the bulb/' It is necessary to note 
that Dr. Eisen refers to those cells which open into the penial lumen 
("extension of the sperm-duct") and those which open on to the sur- 
face of the bulb as one kind of cells in his general statement and in 
the description of several species he refers to them as different kinds 
of cells by stating that the bulb in certain species has two kinds of 
cells. This lack of precision is due to the fact that while in the bulbs 
studied by him the cells are all similar, in some cases the cells of a 
bulb open on two different surfaces, and these were unfortunately re- 
ferred to as two kinds of cells. However, it is evident from his 
descriptions and figures that all of the species which he studied had 
bulbs in which the cells were all of one kind. 

The work done by the writer shows that although the penial bulb 
in Fridericia is uniformly lumbricillid in all respects, it is necessary 
to make a slight alteration in Eisen's characterization. It was found 
that the seven species examined by the writer can be divided into two 
groups: one group composed of tenera, sima, and oconeensis, in 
which the bulb is made up of cells of one kind only, some of which 
open into the penial lumen and others on the external surface; and 
the other group composed of agilis, firma, and agricola, in which the 
bulbs possess two distinct types of cell, one of which occupies the 
peripheral parts of the bulb, opening either into the penial lumen or 
on the external surface, and the other composing the interior of the 
bulb, the cells arranged radially about the penial lumen and opening 
directly into it. These two types of cell are quite distinct, showing 
unifonn, marked differences in position, shape, size, size of nuclei, 
and staining reaction. It appears that the structure of the bulb in 
F, douglasensis represents a transitional stage between the two groups 
mentioned above, since the inner cells which open into the penial lumen 
in agilis, firnta, and agricola are represented only by a few scattering 
cells disposed at irregular intervals between the extensions of the 
peripheral cells. It is apparent that Eisen's original statement con- 
cerning the character of the bulb in Fridericia must be so revised 
that provision is made for the occurrence of two kinds of cells in the 
penial bulb of certain species; but otherwise his conclusions are 
supported. 
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At present little can be positively stated concerning the importance 
of the penial bulb in separating the species of a genus owing to the 
incompleteness of the data for the whole group. The writer has found 
that in each species studied the structure of the bulb is constant, and 
that in no case is it exactly duplicated in the bulb of another species. 
In certain genera, as, for example, Mesenchytrccus and Enchytrecus, 
where the penial structure is usually very complicated and the varia- 
tion rather wide, it is not difficult to find in the structure of the penial 
apparatus distinguishing characters for species. The main difficulty 
appears in the lumbricillid bulb, particularly in Fridericia in which 
the structure of this organ is at its simplest, and in which the varia- 
tion among the species is so small that although the structure of the 
bulb is uniform for each species, it is difficult to get a distinct diag- 
nostic character. 

ObSI^RVATIONS and EXPERIMI^NTS ON 

LuMBRicii:.i:.us rutii^us n. sp. 

The writer's attention was called to this species in April, 191 1, 
when alcoholic material of the same was turned over to him by Dr. 
S. A. Forbes, to whom it had been sent by the Director of the Thirty- 
ninth Street Sewage Testing Station, Chicago, Illinois. The material 
was accompanied by the information that this Worm occurred in great 
abundance in the sprinkling filter beds. The specimens were in such 
poor histological condition that an attempt to determine the species 
was abandoned. Later, June 22, 191 1, Mr. A. A. Girault collected 
similar material at Chicago, made a brief record of the general condi- 
tions of the habitat, and had a large number of the specimens properly 
killed and fixed. This material formed the basis for the morphological 
and systematic work on this species which has already been included 
in the paper (pp. 1 43-1 51). During October, 19 12, the writer spent 
three weeks at this Testing Station, making certain investigations on 
this species, and the major part of the data on the living material 
which follows were accumulated during that period. 

HABITAT 

Since this is the first published record of an American species of 
Lumbricilhis which occurs in connection with sewage, and since its 
great abundance indicated a particularly favorable environment, the 
habitat was carefully studied and will be described at some length. 
Much of the detail which follows is essential to subsequent discus- 
sions and explanations of results. It may be noted here that there 
are records of about six European species which occur normally in 



181 

connection with city water supplies, in sewers, near dung heaps, and 
in various places containing decaying organic matter. 

The equipment of the Thirty-ninth Street Sewage Testing Sta- 
tion is as follows: a "grit chamber", 20X4X3 feet, with a capacity of 
1,500 gallons at flow depth; three tanks, each 40 feet long, 7 to 9 
feet deep and 7^ feet wide, total capacity 19,000 gallons, flow 17,000 
gallons, tank "A" being an open septic tank with a nominal eight-hour 
period, tank "B" a closed septic tank, and tank "C" an open settling 
tank; an Imhoff or Emscher tank, 7^^ feet in diameter and 17 feet 
deep ; a modified Dortmund tank, 7 J4 feet in diameter and 9 feet deep ; 
five sprinkling filters in cylindrical wooden tanks connected with the 
settling and septic tanks, four being open and one covered; various 
settling basins; and a sludge digestion tank 29X7X6 feet, with a 
total capacity of 8,900 gallons. The following diagram will indicate 
the relation of these various tanks and filters to each other. 
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The one important thing to note in connection with the data which 
is to follow is the nature of the effluents of the various settling and 
septic tanks. In brief, the aim of modern sewage disposal involves 
two distinct steps : the disposal of the small amount of suspended mat- 
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ter as quickly as possible, and the oxidation of the fresh sewage in 
biologic filters in case additional treatment is demanded. 

The first step is accomplished by passing the sewage through the 
grit chamber, in which the heavier mineral particles are deposited. 
At the Testing Station, for experimental purposes, the sewage then 
passes in part to the septic tanks and in part to the settling tajik. In 
the former, anaerobic decomposition of the sewage goes on, eventu- 
ally resulting in a series of chemical changes which, from the point of 
view of purity, often render the effluent a great deal worse than the raw 
sewage entering the tank. The sludge is removed from the settling 
tanks at frequent intervals while it is still in the early stages of de- 
composition, the effluent being improved by the process. The prin- 
ciples of the septic and settling tanks are combined in the Emscher 
or Imhoff tank, which is a device permitting the escape of a "fresh" 
effluent, while the suspended matter settles, dropping into a separate 
sludge digestion chamber. The modified Dortmund tank (a kind of 
settling or biolytic tank) is of such construction that sulphate re- 
duction, due to bacterial activity, is typical, and at times as much as 
40 p.p.m. of hydrogen sulphide have been observed in its effluent. 

The second step consists in biologic treatment or oxidation of the 
sewage. This is accomplished in the sprinkling filters, which receive 
the various effluents from the septic and settling tanks. Since these 
filters are intimately connected with the work a brief description of 
them will be given. Sprinkling filters are not built primarily as a 
device for removing suspended matter, but as a means of oxidizing 
and mineralizing the organic matter delivered to them. Each sprin- 
kling filter consists essentially of a bed of crushed limestone, 4J4 to 
10 feet deep, and a central top-surface intermittent spray, which con- 
stitutes the influent. The size of the stone, the depth of the bed, and 
the period of the spray is different in each filter. In sprinkling filter 
No. 4, the flow-period is about 60 seconds with an intermission of 
about 30 seconds. The daily flow is approximately 10,000 gallons. 
Sprinkling filters function to a considerable extent in the catching of 
suspended matter, and as a consequence sludge accumulates on the 
stones. The chemical nature of this sludge depends of course upon 
the character of the influent. 

According to the observations of Dr. Lederer and others con- 
nected with the testing station, Ltinibricillus rutiltis has a seasonal 
distribution. The worms apparently disappear completely at the ap- 
proach of winter (November or early December) but in March or 
April they begin to appear in all of the sprinkling filters and their 
effluents. In a short time they become extremely abundant in the 
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filters, and large numbers are carried out in the effluents. The period 
of maximum abundance is apparently rather short, but the worms are 
abundant throughout most of the summer, beginning to diminish in 
numbers as the autumn wanes. An interesting fact in connection with 
the period of maximum abundance will be discussed in another con- 
nection. No careful observations have as yet been made regard- 
ing relative abundance in the different sprinkling filters. Girault 
(June 22, 191 1 ) found them most abundant in sprinkling filter No. 5, 
which is covered; but according to the observations of the Sanitary 
Engineer there is usually at that time of year an abundance in all the 
sprinkling filters except No. 3. 

During the writer's investigations at the Testing Station (Oct. 5- 
25 ) a careful examination of all of the tanks, settling basins, and sprin- 
kling filters was made with the view of determining the distribution 
of the species at that time of year. It was found that the worms 
were confined to certain of the filters and their effluents. While the 
greatest abundance occurred in No. 4, a few were found in Nos. i and 
S, and some in the general filter effluent. Various considerations were 
found to throw light upon the facts of distribution. Absence of these 
worms in the septic tanks is, no doubt, due chiefly to the absence 
of dissolved oxygen and the presence of inimical gaseous decomposi- 
tion products. Absence in the settling tanks is due probably to the 
very low dissolved oxygen content. Absence in sprinkling fUter No. 
2 can be accounted for by the fact that the influent of this tank comes 
directly from the modified Dortmund tank, where considerable sul- 
phate reduction occurs, its effluent being laden with hydrogen stdphide 
which is harmful to animal life, not only because it diminishes the 
available oxygen but because it is itself poisonous. The appearance 
of the worms in sprinkling filters Nos. i, 4, and 5 is presumably due 
to the fact that the influents of these sprinkling filters are effluents of 
the settling tank and are "fresh." The great abundance in No. 4, as 
compared with the scarcity in Nos. i and 5, in October, seemed to be 
due to the fact that No. 4 contained an unusual amount of sludge 
for the time of year, while the quantity of sediment on the stones in 
Nos. I and 5 was decidedly smaller. The reason for the appearance 
of the worms in the sprinkling filter effluents is a purely mechanical 
one, since they are carried there by the descending currents of sew- 
age. 

The vertical distribution of the worms in the sprinkling filters 
during the summer is not known; but an examination of No. 4 in 
October showed them to be largely confined to the upper two feet of 
the filter bed. Below that limit they occurred but rarely. This verti- 
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cal distribution of the worms coincided with the vertical distribu- 
tion of the "load" of the filter, since the greater part of the sludge 
deposited at this time of year was confined to this zone, while below 
it the stones were conspicuously cleaner. It seems very probable that 
it is this feature of the situation which determined the distribution 
in October, since these worms show a decided affinity for the sludge. 

These worms do not appear normally on the upper surface of the 
filter bed, but may be found by removing the uppermost rock. The 
physical conditions of this environment are as follows: the light is 
practically excluded beyond the first six or eight inches; moisture 
is at a maximum, since large quantities of sewage are constantly 
flowing down through the interstices ; the temperature is cool and in 
general fairly uniform for a given season; and an abundance of the 
finer settling suspended matter finds lodgment on the surface of the 
rock and in the interstices. 

The worms are distributed to the different parts of the plant by 
the streams. They have a specific gravity slightly greater than water 
and therefore sink slowly when placed in quiet water of some depth ; 
but a stream of water will carry them when they are once loosened 
from their hold on the supporting rock. The writer has observed in- 
stances where several worms had penetrated a mass of sludge which, 
because of decomposition changes, had acquired a low specific grav- 
ity, and when loosened from the point of accumulation, it floated 
away, easily carrjring the additional weight of the worms. 

Associated Animal Life. — ^These lumbricillid worms were not the 
only animal forms present in the sprinkling filters. In fact, when 
examined in October, it was found that there were other forms which 
were more generally distributed and more abundant. No attempt 
was made to list the microscopic life, and attention was confined to 
the macroscopic forms, of which the following were the most com- 
mon: Prorhynchus sp., small Nematoda (not identified), Pristina 
sp., Nais sp, J Helodrilus subrubicundus Eisen, Collenibola (Isotoma 
sp.), larvae and pupae of Psychoda albimaculata Welch and Chiro- 
nomidce, and water-mites. 

COWR OF UVING SP:eCIMENS 

To the unaided eye, Luntbricillus ruHlus presents a general reddish 
appearance. The region posterior to the clitellum appears tmiformly 
reddish, except that the ventral blood-trunk shows as a deeper red 
line. The region anterior to the posterior margin of the clitellum 
is distinctly lighter in color, and the region of X-XII in sexually ma- 
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ture specimens shows a distinct white spot with no trace of red. The 
surface layer of the limestone rock composing the sprinkling filter 
beds acquires after a time a reddish brown color, due partly to the 
formation of certain ferrous compounds, and with this sort of a back- 
ground it is often a little difficult to distinguish the worms; but the 
white spot on X-XII is more or less conspicuous, and soon, if not 
at once, reveals their presence. When large numbers are placed in 
water they often accumulate in a comi>act miass, and in such an ag- 
gregation the red color seems to be intensified, the whole mass giving 
one the impression of a deeper red than does a single isolated indi- 
vidual. 

Examina-tion under magnification shows that the body is some- 
what translucent and of a light yellowish tinge, the red color being 
really due to the blood of the vascular system, since the translucency 
of the body wall permits the vascular system to show through boldly 
enough to determine the external appearance. The principal vessels 
and their connecting branches can easily be traced, and the pulsations 
of the dorsal vessel may be watched with ease. The white spot in the 
region of X-XII is due to the presence of developing reproductive 
elements, and constitutes external evidence of the sexual maturity of 
the specimen. 

LOCOMOTION 

The sole mode of progression is a fairly brisk crawling on a 
supporting surface. A number of experiments were performed with the 
view of determining the relative efficiency of this mode of locomotion 
on different surfaces. Specimens were tested with the following sub- 
stances(both dry and moist) as supporting surfaces: filter rock, sludge, 
wood (planed surface), ground glass, smooth sheet-iron, and smooth 
glass. Results showed that the efficiency of the crawling was very 
much higher on all of the surfaces when they were moist, dry sur- 
faces being an important hindrance to dispersal, and that the degree 
to which the moist surfaces of the above-named substances favored 
efficiency of locomotion varied approximately in the order indicated 
in the list, the maximum occurring on the filter rock and the mini- 
mum on smooth glass. The worms crawl with considerable ease over 
the surfaces of the rock in the sprinkling filter beds, and owing to 
the irregular shapes of the pieces the interstices form a continuous 
series of chambers and passages abundantly supplied with sewage 
and settled solids, through which the worms pass easily. They also 
have a surprising ability for working their way through the masses 
of sludge which accumulate on the surfaces of the stone. On a moist 
ground-glass surface the worms make moderately efficient progress, 
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but on the moist polished glass progression is slow. The differ- 
ence in the rate of locomotion on the various supporting surfaces 
is due to the fact that the setae, which afford important aid in loco- 
motion, easily or with difficulty find temporary hold on the irregular- 
ities of the surface. The crawling consists of an extension of the 
anterior region and a drawing of the posterior region after it. Al- 
though this procedure is the normal and usual one it is, under some 
circumstances, reversed and the result is a temporary badcward move- 
ment. 

There is no evidence whatever of an ability to progress by swim- 
ming. In a series of tests made by placing worms in test tubes full 
of sewage, they sank, in every case, to the bottom, and were never 
able to leave it. If placed in water whose depth was less than their 
length they could often get to the surface by crawling up the side of 
the dish; but if the water was deeper than their length it was im- 
possible for them to get away from the bottom. They often ex- 
hibited random wriggling movements in water, but such motions were 
ineffectual so far as locomotion was concerned. 

REI*ATI0N TO UGHT 

specimens of this species make a decidedly negative response to 
light. They occur normally below the surface of the filter bed, where 
practically all light is excluded. No worms were found on the well- 
lighted surface of the filter bed. In the spring and early summer, 
when the maximum abundance occurs, the worms often make their 
appearance in considerable quantity in the effluents of the sprinkling 
filters, regularly accumulating on the shady side of the secondary 
settling basins. Filter-bed rock was frequently put into battery jars 
with worms and placed before a large laboratory window. In such 
situation the worms invariably crawled away from the light side to- 
wards the dark side, and then, if undisturbed^ went into the central 
region of the mass of rock. Sudden exposure to light calls forth a 
response in the form of active crawling movements which cease when 
the worms find themselves in a position where the light is distinctly 
less intense; and exposure to direct sunlight produces an immediate, 
active, negative response. 

RESISTANCE TO DESICCATION 

It was noticed that when masses of filter rock which contained 
worms were brought into the laboratory and exposed to the air, so 
that evaporation could take place, the gradual drying of the surfaces 
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at successive depths caused a migration of the worms deeper and 
deeper into the mass, where moisture was still present. A number 
of tests were made to determine how long these worms could live 
when removed from water or wet sludge and transferred to a dry 
place. The specimens were cleaned and tested singly. There was 
some variation, but in general the time was limited to 3 to 5 minutes 
when the experiment was carried on under the conditions which ex- 
ist at the Testing Laboratory. Beyond this time the worms failed to 
revive when returned to moist conditions. A mass of the worms, 
composed of a number of individuals, had a much higher resistance 
than a single worm. 

THIGMOTACTIC RESPONSE 

These lumbricillid worms exhibit a considerable degree of positive 
thigmotaxis. This is shown by the frequency with which numbers 
of them are seen under natural conditions to progress in aggregations 
side by side. They are also often found grouped together in masses 
on the surfaces of the filter-bed rock. When a large number of speci- 
mens are transferred to a watch-glass containing tap water they show 
a distinct tendency to mass themselves around any solid particle or 
small mass of sludge which may have been transferred with them. 
This often proved to be of advantage in the putrescibility tests, since 
the transfers from the different containers could be easily made by 
picking up the whole mass of one hundred worms af once. The ten- 
dency to accumulate in masses seems to be accentuated when the 
worms are placed under slightly unusual conditions. In case these 
masses are left undisturbed for a time the worms often ultimately 
begin to disperse in a rather characteristic manner, moving on the 
supporting surface in several separate aggregations, the individuals of 
each lying compactly side by side and all moving in the same direc- 
tion. Specimens were frequently placed in temporary storage in Syra- 
cuse watch-glasses containing a small quantity of water and each 
one covered by another watch-glass. After these glasses had stood 
for some time the worms almost invariably accumulated all around the 
upper rim of the lower watch-glass at the point where the upper glass 
touched the lower. They apparently preferred a position where they 
secured the maximum contact with the glass. Specimens kept in Petri 
dishes commonly accumulated between the perpendicular sides of the 
upper and lower dish ; and those kept in dishes containing wet filter 
paper usually sought positions between the filter paper and the sides 
or bottom of the dish. 
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The normal habit of the worm involves a crawling about over 
the surface of the rock, to which they cling* tenaciously, often making 
it difficult to pick them off with a needle; and a stream of water 
must have at least a moderate velocity in order to wash them off. 
They normally bore into the sludge, and are also often found in the 
pores of the rock, from which it is quite difficult to extract them. 

BEHAVIOR WITH REF^ENCE TO DRY AND MOIST SURFACES 

A series of experiments was carried on in the laboratory, in 
diffuse sunlight and at a temperature of about 75 degrees F., in order 
to determine the behavior of the wormis with reference to dry and 
moist surfaces. 

Experiment i. — A drop-culture slide with concave center and 
ground-glass top surface was used and the concavity filled with tap 
water. By means of a large needle a straight continuous trail of 
water was drawn from the concavity very near to the end of the 
slide. Worms were then placed at the end of the water trail with 
the following results : — 

1. Slight random movements of the anterior half of the body, 
which, however, showed the following constant characteristics: (a) 
refusal to move on to the dry surface ; (6) refusal to move off the end 
of the slide; (c) an apparent recognition of the edge of the water 
resulting in immediate withdrawal from it; (d) exploring move- 
ments at the end of the water trail limited to a small area. 

2. The worms ultimately found the water trail, and almost in- 
variably followed it uninterruptedly and rapidly to the central cell. 

Experiment 2, — ^This experiment differed from the first only in 
the fact that the water trail was made very tortuous, and the behavior 
of the worms was identical with that in experiment i. 

Experiment j. — In this experiment a long straight water trail was 
drawn on the surface of a ground-glass slide, without a central cell, and 
worms were placed at one end of the trail. Aside from occasional 
stops accompanied by exploring movements the worms followed the 
trail to the opposite end, retraced the course, and often repeated this 
performance for a considerable length of time. 

RELATION TO TEMPERATURE 

The abundance of material made it possible to carry on a long 
series of experiments, involving a large number of individuals, witfi 
the view of determining the temperature limits of life and the effect of 
different temperatures on the general activities of Lumbricillus rutilus. 
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Vigorous worms just removed from their natural habitat were used 
in all of the temperature tests, and tap water was used as the medium. 
Beginning with water at 2 degrees C., tests were made at every de- 
gree (in some cases every half degree) up to 45 degrees. Sometimes 
the process was reversed, the start being at 45 degrees and the tem- 
perature being reduced by steps of i degree down to 2 degrees C. 
Unfortunately, facilities were not at hand for making tests with tem- 
peratures lower than 2 degrees C, and consequently the minimum life 
temperature was not determined. All specimens survived 2 degrees 
C. and were apparently uninjiu-ed by it. Results indicated that the 
maximum temperature is very near 36 degrees C, for while specimens 
sometimes survived a 36 degrees test an additional half degree proved 
fatal in a short time, and all temperatures above 38 degrees caused 
immediate death. The specimens submitted to the higher tempera- 
tures were observed under the microscope so that the effect of the heat 
might be judged as accurately as possible. It is interesting to note 
that these worms seem adapted to withstand successfully rather low 
temperatures. A series of tests was carried on by putting a consid- 
erable number of worms into flasks containing water to a depth of 
about 3 cm. and keeping them in the ice box where the temperature 
was a trifle less than 5 degrees C. The worms lived indefinitely un- 
der these conditions. One flask remained in the refrigerator for ten 
days, and at the end of that time all of the worms were alive, active, 
and apparently in as good condition as when they were first put in. 
As to the eflFect on the activities of the worms, little if any diflFer- 
ence could be detected from 10 degrees to 25 degrees C, but below 
10 degrees activity decreased, only a very moderate manifestation 
being evident at 2 degrees. It was noted that this decrease in activity 
was not uniform, being more marked from 5 to 2 degrees than from 
10 to 5 degrees. Above 25 degrees activity increased as the tempera- 
ture was raised. 

From these data it would appear that so far as temperature is 
concerned the worms could exist in the sprinkling filters the year 
round, since the latter are in constant operation and never freeze. 
Evidently some factor other than temperature is effective in the re- 
duction of the numbers of the worms in late summer and autumn. 

REI^ATION TO OXYGEN 

The Normal Supply of Oxygen. — As has been stated before, a 
sprinkling filter is a device designed primarily to effect the oxidation 
of the sewage which is delivered to it, and, as a consequence, the 
organisms which live in these filters are well supplied with oxygen. 
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which comes to them in two ways : ( i ) direct from the air by con- 
tact^ and (2) from the sewage, which contains dissolved oxygen when 
it enters the filter bed. 

In all of the sprinkling filters except No. 3 the stones composing 
the filter bed are of a size which produces a series of continuous and 
rather spacious interstices. These may be reduced to some extent 
by the settling material from the sewage but as they nev^r become 
completely filled they constitute a series of air spaces and thus form 
a source of oxygen supply for the organisms inhabiting them. That 
these lumbricillid worms take oxygen directly from the air is shown 
by the fact that specimens have been kept for several days in vessels 
containing moist filter paper which served to prevent the undue drying 
of the worms. This was also demonstrated when at one time an ac- 
cident to the pumping machinery eliminated for over three days the 
possibility of oxygen from sewage reaching the worms, the only liquid 
present in the upper zone being that held by the sludge. 

The sewage, which constitutes the influent of the sprinkling fil- 
ters, coming as it does from the settling and septic tanks, has a very 
low dissolved oxygen content, often showing a total absence of dis- 
solved oxygen, particularly during the hot season. However, this 
influent passes through a nozzle which breaks the stream up into a 
spray, throwing it out into the air, and this, in falling, is distributed 
over the whole of the top surface of the filter bed and between its 
individual stones. The result of this process is that the liquid be- 
comes oxygenated to a considerable degree. The spraying also brings 
about the loss of most of the carbon dioxide. Consequently, regarf- 
less of its source, the sewage which flows over the worms has a con- 
siderable dissolved oxygen content. The effectiveness of the sprin- 
kling filter as an oxygenating device is shown by the fact that in filter 
No. 4 on certain days in September and October, 191 2, when the in- 
fluent (at the entrance of the nozzle) showed a total absence of dis- 
solved oxygen, the effluent contained from 11.2 to 14.7 p. p.m. That 
this oxygen can be utilized by the worms is shown by the fact that 
when placed in tap water they lived for days, and even weeks, under 
conditions which prevented their getting oxygen from any other 
source. 

Resistance to Decreased Oxygen. — It would seem that organisms 
as active as these worms would require a considerable amotmt of free 
oxygen, and that the sprinkling filter environment is such as to afford 
a generous supply. A number of extended experiments were made 
with the view of determining the effect of a decreased supply of 
oxygen. The methods employed in these experiments are as follows : 
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A series of samples of tap water whose dissolved oxygen content 
ranged from 1.2 p.p.m. to 9.2 p.p.m. was used as a medium. The 
highest dissolved oxygen sample (9.2 p.p.m.) was obtained by agitat- 
ing the water in air. Tests were also made in which the medium was 
the sprinkling filter effluent, its dissolved oxygen content varying from 
10 to 13 p.p.m. Samples with the lower dissolved oxygen content 
were procured either by mixing boiled tap water with different quanti- 
ties of ordinary tap water or by boiling a considerable quantity of tap 
water and allowing it to stand in an open vessel, samples being taken 
at successive intervals as the water gradually Sibsorbed oxygen from 
the air. Sampling bottles of 128 cc. corrected capacity were used, 
and care was taken that each was so stoppered that no air bubbles 
were included. Two samples of each of the different grades of water 
were taken, one being used for the worms and the other for the de- 
termination of the dissolved oxygen content. Ten vigorous worms, 
fresh from the filters, were quickly transferred to one of the bottles 
and the time noted. The worms were thoroughly cleaned before they 
were put into the bottles. This procedure was followed for each of 
the series of samples taken. The bottles were all kept under condi- 
tions which simulated those existing in the sprinkling filter and were 
observed frequently. 

It might appear that a source of error existed because no account 
was taken of the carbon dioxide and the nitrogen in the samples. 
When water is boiled it loses most of the dissolved oxygen, nitrogen, 
and carbon dioxide, and when oxygen was added to the samples by 
exposure to the air or by the addition of ordinary tap water, certain 
quantities of nitrogen and carbon dioxide were also added. However, 
the writer believes that this source of error did not interfere with 
the essential results of the experiments. The carbon dioxide in the 
sprinkling filter is an extremely variable quantity, since much of the 
gas must be lost when it is sprayed out into the air, and consequently 
the liquid coming to the worms probably contains but small quan- 
tities of carbon dioxide — 2l condition comparable to that in the sam- 
pling bottles of the experiments. Only a very limited amount of ni- 
trogen (dissolved) is present in the sprinkling filter influent. When 
the tap water, which contained a certain quantity of nitrogen, was 
boiled the major part of the nitrogen was lost. In those samples made 
up by mixing the boiled and unboiled tap water some nitrogen was 
added with the latter, while in the samples made by exposure of the 
boiled water to the air nitrogen was taken up from the air very slowly, 
so that in all cases the samples closely approximated the conditions 
in the sprinkling filter. Of the three gases involved the oxygen was 
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the only one which was varied widely in the experiments. Other 
workers have found that it is very difficult, in fact almost impossible, 
by methods known at present to vary absolutely a single gas in this 
kind of experimentation, and thus a small source of error indubi- 
tably exists. It is thought, however, that in this case it may be 
practically negligible, since the sole aim of the experiments was to 
determine the general effect of a decreased supply of oxygen on the 
worms. 

The dissolved oxygen content of each sample was determined by 
using Winkler's method as outlined in "Standard Methods of Water 
Analysis", 191 2. Briefly stated, a solution of manganous sulphate 
was added to the sample and followed by an alkaline solution of 
potassium iodide. The precipitate of manganous hydrate was allowed 
to settle. Sulphuric acid was then added, and the free iodine in the 
solution was titrated with a standardized solution of sodium thiosul- 
phate. The equivalent of free iodine was calculated to oxygen and 
the results expressed in parts per million. 

The following tabular exhibit of the results of one of the experi- 
ments will serve as a representative of other, similar ones made in 
this connection. 



No. 

1 m I 


Corrected capac- 
ity of bottle, 
in cc. 


Sodium thiosul- 
phate, in cc. 


Oxyg^en, in 
p. p. m. 


Number of 
worms 


Time lived, 
in hours 


1 


128 


0.8 


1.25 


10 


21 


2 


128 


1.1 


1.7 


10 


27 


3 


128 


1.7 


2.6 


10 


42 


4 


128 


1.9 


2.9 


10 


47 


5 


128 


3.5 


5.4 


10 


65 


6 


128 


5.7 


8.9 


10 


75 


t 7 


128 


5.99 


9.2 


10 


142 



The data of the other experiments carried on in this connection 
varied in detail to some extent from the preceding, but the general 
showing was the same, namely, that it is indispensable to the well- 
being of these worms that they should have oxygen in considerable 
quantities. To judge fairly concerning the deleterious effect of reduc- 
ing this normal requireinent, as in these tests, it is necessary to keep 
in mind the fact that in each of the samples the water gradually be- 
comes poorer in oxygen since it was constantly being used in the 
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respiratory activity of the worms and, very probably, to a small ex- 
tent, in the oxidation of their excretory products. Although the 
data seem to show that the worms are sensitive to a lowering of the 
dissolved oxygen content and that it is inimical to them, it does not 
necessarily follow that the death of the worms was due to a com- 
plete exhaustion of oxygen in the sample, since it was shown that it 
sometimes occurred when considerable oxygen remained unconsumed. 
For example, the water used in No. 6 of the above table, containing 
at first 8.9 p.p.m. of dissolved oxygen, when tested at the end of 
the experiment still contained 4.2 p.p.m. — ^a quantity which as the 
initial content in one of the other experiments sufficed the worms for 
98 hours. It was not possible in these experiments to remove the ex- 
cretory products from the water and thereby eliminate the possi- 
bility of this accumulating waste influencing the vital activities of the 
worms; but in an experiment made in another connection, a similar 
quantity of worms were kept in 45 cc. of water in an open flask 
and at the end of ten days all were alive and apparently as active as 
at the beginning. Since in this last case the quantity of water was 
so much smaller and the length of time so much greater than in the 
above experiment it seems fairly certain that accumulating wastes 
did not contribute in an important degree to the death of the worms. 
Furthermore, the normal habitat is one in which organic wastes are at 
a maximum. 

REI^ATION TO SEWAGE 

Relation to Crude Sewage. — In another connection the fact was 
brought out that no worms were found in the septic and settling 
tanks, which receive the crude sewage. This was attributed chiefly 
to the lack of dissolved oxygen. Tests were made by placing vig- 
orous worms in bottles of crude sewage so corked that no air was 
included or could gain access. Other tests were made by placing 
worms in a flask which was about half filled with crude sewage, thus 
leaving a large air space above the surface. In tests by the first 
method the worms lived but 10 to 12 hours. Under the conditions 
of the second test one lot lived 72 hours, which may be accounted 
for by the absorption of air by the sewage from the air space above, 
a limited oxygen supply being thus furnished for the worms. How- 
ever since the sewage itself contained putrescible matter which also 
drew heavily on the oxygen supply, the continued low oxygen con- 
tent had a fatal effect. 

Behavior in the Presence of Sludge. — ^The following experiments 
were performed in this connection : — Experiment i. A ground-glass 
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slide was used and a water trail was drawn lengthwise of it. A mass 
of moist sludge from the filter stones was placed at one end and the 
worms were placed at the other end. They followed the water trail 
to the sludge, crawled around it and through it, and became quiet. 
Experiment 2, A circular cover-glass was supported on bits of filter 
paper, water was run under it and a water trail was drawn from 
it. Ten worms were placed at the end of the trail. The worms 
followed the trail to the cover-glass but would not pass under it. 
Experiment 5. The procedure was the same as in Experiment 2 except 
that black paper was placed on the cover-glass the space under it 
being somewhat darkened. The behavior of the worms was the same 
as in No. 2. Experiment 4. The procedure was the same as in No. 
2 except that a mass of sludge from the sprinkling filter was placed 
under the cover-glass. In every case tried the worms passed under the 
cover-glass in a short time, and after surrounding and penetrating the 
sludge became quiet. 

It is not possible to explain, from the data, the behavior of the 
worms with reference to the cover-glass in experiments 2 and 3. In 
neither case did the worms pass under it, and in spite of the fact 
that these forms are negatively phototactic, the area under the dark- 
ened cover-glass in experiment 3 was avoided. There was evidently 
some unknown factor present which was sufficiently active to over- 
come the negative phototactic tendency of the worms and to prevent 
their migration into more favorable light conditions. The experiments 
show, however, a distinct recognition by the worms of the presence of 
sludge and a positive reaction to it. Furthermore, it is evident that 
this positive reaction is sufficiently strong to overcome the opposing 
influence which prevented the worms from passing under the cover- 
glass in experiments 2 and 3. The experiments showed also that the 
positive reaction to the sludge was not due to negative phototaxis 
since the worms did not pass under the cover-glass in experiment 3. 
Relation to the Shulge in the Sprinkling Filters, — That these worms 
have a mechanical effect on the settling suspended matter which ac- 
cumulates in the filters is readily seen. They are constantly burrow- 
ing through the masses of sludge, and since they occur in such large 
numbers they must play a prominent part in loosening up the sludge 
and woricing it over, thus facilitating the oxidation of the unstable 
organic matter. 

It has been observed at the Testing Station that during the winter 
the sprinkling filters become clogged to a considerable extent ; that is, 
in the Station parlance, they build their load by accumulating a large 
quantity of sludge. This sludge is held in the filter until the tempera- 
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ture begins to rise in early spring, and then the filter begins to "un- 
load" and the effluent becomes laden with large quantities of heavy- 
earthy suspended matter and the sludge in the sprinkling filter be- 
coines rapidly reduced. The significant thing in this connection is 
the fact that this unloading period is coincident with the maximum 
abundance of the worms, which decrease somewhat in number soon 
after the greater part of the unloading has occurred. Whether or 
not the worms are responsible for the unloading remains to be proven, 
but the circumstantial evidence indicates that they are at least partly 
responsible for it. Cognizance must, however, be taken of the fact 
that other organisms also are abundant in the sprinkling filter at this 
time, and it is possible that the unloading is the result of the combined 
mechanical action of a number of associated organisms. 

Relation to Putrescibility, — Before going into the discussion of 
the experiments which were made in this connection it is necessary 
to make clear the meaning of certain important terms which are in 
constant use in sewag^e investigations. 

In order to explain what is meant by the term ptitrescibility and 
to indicate its precise application in sewage disposaJ work it is nec- 
essary to explain in considerable detail certain chemical and physical 
conditions which exist in ordinary sewage. Phelps ('09, p. 75) 
gives a very clear account of the application of this term in the fol- 
lowing rather lengthy quotation : — 

"Putrescibility, as applied to organic matter in general, implies 
the ability of that matter to undergo offensive putrefactive decompo- 
sition Such decomposition is always anaerobic and it is 

usually accompanied by the evolution of offensive odors. These two 
phenomena have, therefore, formed the basis of most putrescibility 
tests. Some criteria of putrefaction which have been employed are : 
(i) Development of offensive odors; (2) formation of black sedi- 
ment; (3) reduction in the amount of dissolved oxygen; (4) loss -of 
all dissolved oxygen; (5) loss of all available oxygen, including that 
of nitrates and nitrites; and (6) increase in the oxygen-consumed 
figure. Some of these tests are based on partial reduction of the 
available oxygen in the effluent ; others depend on the complete reduc- 
tion of the available oxygen and subsequent anaerobic fermentation. 
The tests most commonly employed belong to the latter gfroup, de- 
pending on the production of odor or of hydrogen sulphide, blacken- 
ing of the liquid, or reduction of organic dyes. The test which depends 
on an increase in the oxygen-consumed figure during incubation is 
also in that class, because anaerobic fermentation alone renders or- 
ganic matter more readily oxidizable. 
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"These two types of test illustrate two distinct points of view 
which should be clearly differentiated. An effluent may be regarded 
as being composed of a given mass of organic matter dissolved or 
suspended in a definite amount of water. The water contains also 
a definite amount of available oxygen in the form of free dissolved 
oxygen, nitrites, nitrates, and possibly of other compounds. All 
the organic matter is oxidizable to some extent, and to that extent 
it serves as bacterial food. The greater the amount of organic mat- 
ter and the greater its oxidizability, the greater is the absorption of 
oxygen from the medium. Consequently a reduction of available 
oxygen in the effluent during incubation is a measure both of the 
amount of organic matter present and of its capability of oxidation. 
As a small amount of readily oxidizable matter has the same effect 
on the result as a larger amount of more stable matter, a test of this 
kind indicates whether or not the organic matter consumes oxygen; 
but it does not show whether or not the supply of available oxygen 
is sufficient to prevent the establishment of anaerobic conditions. 
This important question of the balance between the oxygen demanded 
by the organic matter and the oxygen available in the liquid is taken 
into consideration by tests of the second kind mentioned, namely, 
those dependent on Uie establishment of anaerobic conditions. Such 
tests do not involve estimation of the amount and the kind of 
organic matter; indeed, organic matter which does not absorb any 
oxygen from the liquid under the conditions of an incubation test 
must be very highly oxidized; and, furthermore, most organic mat- 
ter derived from sewage is putrescible in itself — ^iJiat is, if it is stored 
by itself in the absence of oxygen, it undergoes putrefactive changes. 
The question at issue is not, however, whether the organic matter 
itself will putrefy, but whether the effluent as a whole will beccMne so 
reduced in oxygen that putrefaction will become possible. In other 
words, it is simply a question of a balance between the available 
oxygen of the effluent and the oxygen which the organic matter will re- 
quire during the incubation period. It would seem that the problem 
might readily be solved by determining this balance, but, unfortunately, 
it is not a simple matter, because the action involved is bacterisd. 
Many attempts have been made to determine the oxygen balance ana- 
lytically, but such tests answer only with very good and very bad 
effluents, for which an inspection of the sample would serve just as 
well. When there is doubt about the character of the effluent — the 
condition for which such information is of most value — ^all such ana- 
lytical procedures have heretofore failed. It is evidently impossible 
to imitate with any degree of precision the bacterial activities that 
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are involved. There remains, then, but one satisfactory expedient: 
To let the reaction proceed by itself and to note the result. But here 
also there are difficulties, because bacterial reactions of this sort are 
necessarily slow in reaching equilibrium, and the time required by a 
nicely balanced effluent is greater than can be allowed in routine 
work. Some arbitrary period of timte, therefore, is usually adopted^ 
and it is in respect to this factor that the confusion arises. If sta- 
bility is to be considered a definite qualitative characteristic of an 
effluenti that characteristic should be determined by a test sufficiently 
prolonged to insure equilibrium, but such procedure is not feasible for 
obvious practical reasons, and it is not desirable, because it is not 
enough simply to know that the available oxygen is sufficient or in- 
sufficient to satisfy the demands of the bacteria that are working on 
the organic matter. If the available oxygen is sufficient, there is per- 
fect stability — 2l definite condition; if it is insufficient, there is still 
stability in the quantitative sense — a relative stability determined by 
the relation of the available oxygen to the total amount of oxygen 
required by the organic matter for perfect stability. In practice the 
latter condition is the one usually encountered." 

Owing to the varied meanings which are attached to the word 
putrescibility, Phelps ('09, p. 77) has recommended the word stabil- 
ity to designate "that desirable quality which is the usual object of 
sewage purification — the transformation of the organic matter to such 
a form that it is incapable of undergoing offensive putrefaction." 
He argues that the term stability implies a positive characteristic 
which is acquired during the purification process, while the term 
putrescibility refers to a negative characteristic. Stability describes 
that condition in which the available oxygen exceeds the required 
oxygen. The term putrescibility has, however, been retained in this 
paper owing to the fact that it is still largely in use in the literature 
which deals with sewage investigation. 

From the economic point of view questions bearing directly upon 
the putrescibility of sewage are of the greatest importance. The ul- 
timate aim of all sewage disposal operations is to render the putresr 
cible matter as stable as possible, and any factors which facilitate or 
hinder this process are of considerable practical importance. Since, 
then, these lumbricillid worms occur in such great abundance in con- 
nection with devices which are operated to overcome the putrescibility 
of sewage their possible favorable or unfavorable relation to this proc- 
ess is a pertinent subject of inquiry. 

The purpose of the following experiments was to discover, if pos- 
sible, just what effect these organisms have on putrescibility. Tests 
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were made on the following grades of sewage: (i) raw sewage, 
(2) septic-tank effluent, (3) settling-tank effluent, and (4) sprinkling- 
filter effluent. The suspended nuatter in sewage is of two kinds, 
namely, the settling and the non-settling suspended matter. The 
former is of such a nature that it can be removed by filtration through 
ordinary filter paper, or will be deposited when sewage is stored ; but 
the latter must be removed by chemical precipitation, by biologic 
treatment, or by the use of special filtering devices. The non-settling 
suspended matter is colloidal in nature and is known as the pseudo- 
colloidal content of sewage. Each of the four above-mentioned efflu- 
ents were tested in three ways: (i) by using the raw material, (2) 
by using the sewage after its passage through ordinary filter-paper, 
which removed the settling suspended matter, and (3) by using the 
material from which the settling suspended matter had been removed 
by filtration and the pseudo-colloidal matter had been removed by 
filtering the liquid through a Gooch crucible connected with a filter 
pump. Since investigation has shown (Lederer, '12b) "that the finely 
divided slowly settling suspended matter and the pseudo-colloidal mat- 
ter not capable of settling make up the greater part of the putrescibil- 
ity," the tests were made in a way to permit a study of the effect of 
the worms on the liquid when one or both of the above-mentioned 
substances are present. The sampling bottles of the Sewage Testing 
Station were used in the tests. These bottles have a capacity of 128 
cc. All of the glassware, such as pipettes, sampling bottles, etc., was 
sterilized before using. The bottles were filled with the various 
grades of sewage and then worms were transferred to each. Vig- 
orous worms fresh from the sprinkling filter were used in every case. 
Before they were put into the test bottle they were carefully cleaned 
by transferring them from one to another of a series of vessels con- 
taining pure water, in order to prevent extraneous material from 
entering with them. They were then counted out in lots of 100, and 
after removing all excess water each lot was weighed on a fine ana- 
lytical balance, and those lots which weighed approximately the same 
were selected for the tests. Each lot was placed in a separate bottle 
which was corked in such a way that no air bubbles were enclosed. 
For each individual test a check experiment was carried on, similar 
in all respects except that no worms were used. Thus a single series 
involved twenty-four tests. 

Determinations of putrescibility involve the use of delicate indi- 
cators which aid in the accurate detection of the beginning of an- 
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aerobic conditions. In these experiments Spitta and Weldert's Methy- 
lene Blue Putrescibility Test was used. This test depends upon the 
formation of a colorless leucobase as the oxygen in the sample becomes 
exhausted. The technique is simple. One cc. of o. i per cent, aqueous 
solution of methylene blue is added to the sample, which is then kept 
in an incubator either at 20 degrees C. or at 37 degrees C. and ob- 
served frequently. The blue color of the sample remains practically 
unchanged until the available oxygen contained in it has been con- 
sumed and putrefactive conditions have been established. At this time 
the dye is reduced and the color disappears. The time for the de- 
coloraticMi (reduction time) therefore indicates quite closely the time 
at which the available oxygen is consumed. Phelps ('09, p. yj^ added 
further value to the methylene blue test by putting it on a quanti- 
tative working basis so that the putrescibility of a given sample can 
be expressed in terms of relative stability. This makes it possible 
to indicate the proportion of the oxygen present as compared with 
the total amount required to oxidize a given sample. 

This test lends itself to this kind of experimentation, since be- 
side making it an easy matter to determine the reduction time the 
presence of the methylene blue in the sample has little or no deleterious 
effect on the worms. At the time that the worms were transferred 
to the bottle i cc. of a o.i per cent, aqueous solution of methylene blue 
was added to each bottle and the time carefully noted. These test 
bottles together with the checks were placed in a constant-tempera- 
ture incubator at 20 degrees C, and careful watch was kept and the 
reduction time of each noted. 

The worms in the sampling bottles were frequently observed in 
order to determine whether or not any of them died while under these 
conditions, since it is evident that the death of any of them would 
constitute a source of error by increasing quantitatively the amount 
of putrescible matter in the sample. Fortunately the mortality was 
very low, so low that the writer feels confident that it did not vitiate 
the results of the experiments. The following table indicates the 
results of one of the series. 
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Bpfbct op Worms on PirrRBSciBnirrY 



Sample 


Putresci- 

bility, in 

hours 


Relative 
stabiUty 


L#oss in 
relative 
stability 


Percentage 

relation of 

actual loss to 

possible loss 


Crude sewage 

Check 

Teat (100 worms) 


12 
11 


11 
10 


1 


9.09 


Crude sewage, filtered; 
pseudo-colloids pres- 
ent 

Check 

Test (100 worms) 


32 
24 


26 
21 


5 


19.2 


Crude sewage, filtered; 
pseudo-colloids r c - 
moved 

Check 

Test (100 worms) 


66 

29 


47 
24 


23 


48.9 


Septic-tank effluent 

Check 

Test (100 worms) 


3 
2 


3 
2 


1 


33.3 


Septic - tank effluent, fil- 
tered; pseudo- colloids 
present 

Check 

Test (100 worms) 


17 
14 


15 
12 


3 


20.0 


Septic -tank effluent, fil- 
tered; pseudo-colloids 
removed 

Check 

Test (100 worms) 


50 
29 


37 
24 


13 


35.1 


Settling-tsink effluent . 

Check 

Test (100 worms) 


• 

14 
12 


• 

12 
11 


1 


8.3 


Settling-tank effluent, fil- 
tered; pseudo-colloids 
present 

Check 

Test (100 worms) 


35 
31 


28 

25 


3 


10.7 


Settling-tank effluent, fil- 
tered; pseudo-colloids 
removed 

Check 

Test (100 worms) 


50 
27 


37 
22 


15 


32.4 



Z' 



■ • 
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Effect of Wokms'on PxrrRXSCiBii,iTy— Continued 



Sample 


Putresci- 

bility, in 

hours 


Relative 
stability 


Loss in 
relative 
stability 


Percentage 

relation of 

actual loss to 

possible loss 


Sprinkling-filter effluent 

Check 

Test (100 worms) 


480 
37 


99 
30 


69 


69.6 


Sprinkling -filter effluent, 
filtered; pseudo - col- 
loids present 

Check 

Test (100 worms) 


480 
43 


99 
34 


65 


65.6 


Sprinkling - filter effluent, 
filtered; pseudo - col- 
loids removed 

Check 

Test (100 worms) 


480 
43 


99 

34 


o5 


65.6 



Dates of collection and bottling, October 10-19, 1912. 

Incubation temperature, 20 degrees C. 

Relative stability numbers calculated according to Phelps. 

An examination of the results of all of the experiments made in 
this connection, of which the above series is a part, shows that the 
most conspicuous result is the marked increase of putrescibility in the 
test samples containing the worms as compared with the check samples, 
which contained no worms. This was a constant feature of all of 
the experiments. In no case was there an opposite result. The pres- 
ence of the worms increased the putrescibility under all conditions 
as regards the presence or absence of the various kinds of suspended 
matter in the sewage. The reduction time increases with the removal 
of suspended matter and the difference between the reduction time of 
the test and that of the check experiments tends to become greater 
as suspended matter is removed. Increased putrescibility means loss 
in stability and the loss in relative stability apparently increases with 
the removal of suspended matter. 

The explanation of the manner in which this increase in putresci- 
bility is produced by the worms has not been determined. The ex- 
haustion of the oxygen may be accomplished in two ways, (i) by the 
respiratory activity of the worms, and (2) by means of the organic 
matter contributed in the form of excreta. From a practical stand- 
point it does not matter by what means the worms reduce the oxygen^ 
The important fact is that the oxygen is being used up. As has been 
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stated before, the sprinkling filter is a device for oxygenating the 
sewage which is delivered to it, thus rendering it more staWe, hence 
the presence of anything in the filter which draws upon the oxygen is 
thus decreasing the efficiency of the filter. The evidence seems to be 
conclusive that the presence of these worms in the sprinkling filter 
increases the putrescibility of the sewage by using up a part of the 
available oxygen, and since they occur in great numbers in the sprin- 
kling filters for the greater part of the year there is good reason to 
believe that in so far as their relation to the available oxygen is con- 
cerned the effect of their presence in the sprinkling filter is a detri- 
mental one. If, on the other hand, it be true that at all times of the 
year there is a distinct vertical distribution of the worms in the 
sprinkling-filter, in which the larger number is confined to the upper 
two or three feet, the detrimental effects of their presence may be 
overcome to some extent, since the interstices of the filter stones con- 
stitute air spaces by means of which the loss of oxygen in the upper 
zone due to the activity of the worms may be mitigated to some ex- 
tent by the passage of the sewage through the air spaces of the lower 
parts of the filter bed. Nevertheless, the fact remains that the worms 
increase putrescibility, and their presence in sprinkling filters is. ap- 
parently undesirable. It is possible that when the problem of the re- 
lation of these worms to sewage has been completely worked out it 
may be found that the advantageous relations may more than offset 
the harmful ones, but until further investigation is made this point 
must remain unsettled. , 

Summary 

1. The following new species of Bnchytrceidce, distributed among 
four genera, have been added to the list of American forms. 

Name Type locality 

Henlea moderata Urbana, 111. 

Henlea urbanensis Urbana, 111. 

Lumbricillus rutilus Chicago, 111. 

Fridericia douglasensis Douglas Lake, Mich. 

Fridericia oconeensis Oconee, III. 

Fridericia sima Urbana, 111. 

Enchytrceus gillettensis Gillette Grove, Iowa 

• 

2. Chylus cells were found only in Fridericia. The characters 
of these cells are distinct for each species examined, and show evi- 
dence of taxonomic value. » 
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3- Studies on the penial bulb in fourteen species distributed 
among* five genera have shown the writer that in this material its 
structure is uniform in the specimens of a given species, and that it 
seems to furnish characters of taxonomic importance. Eisen's classi- 
fication of the subfamilies and genera based on the characters of this 
organ is, however, faulty. In Marionina provision must be made in 
the definition for the occasional presence of an accessory gland in 
connection with the penial bulb. The stability of the suWamily 
EnchytrcBifUB is very uncertain, since it contains only one genus, 
BnchytrcsuSy which is now known to contain a few species in which 
the penial bulb is of the lumbricillid type, species which have the 
enchytraeid type of penial bulb, and species which have transitional 
forms of the bulb connecting the regular types. Alterations must 
be made in Eisen*s characterization of the bulb in the genus Fridericia 
to provide for wider variation in the number of sets of cells in this 
organ. 

4. Stephenson has recently described species which have char- 
acters transitional between Lumbricillus and BnchytrcBUS, Additional 
evidence of the close relation of these two genera is now offered, 
since it is shown that the penial bulb of the latter shows distinct 
transitions between the enchytraeid type and the lumbricillid type. 
These two genera were formerly regarded as standing far apart. 

5. The remainder of the summary refers to a single species, 
Lumbricillus rutilus n. sp. This enchytraeid occurs in abundance in 
the sprinkling filters of the Chicago Sewage Testing Station during 
the warm months of the year. Its distribution in the various tanks 
and filters depends chiefly upon the dissolved oxygen content, the 
hydrogen sulphide content, and the "freshness" of the influent. It 
was found associated with numbers of other species of animals, of 
which the following are the most common: Prorhyfichus sp., Nema- 
toda, Pristina sp., Nais sp., Helodrihts subrtibicundus, Collembola 
(Isotojna sp.), larvae and pupae of Psychoda albimacidata and 
ChironomidcB, and water-mites. 

Its sole mode of progression is by crawling, rough moist surfaces 
favoring dispersion and dry ones constituting an important hindrance 
to it. There is no evidence of an ability to swim. 

These worms are sensitive to light and show a decidedly negative 

response to it. 

Exposure to dry conditions results fatally within a short time — 
usually less than five minutes. 

These worms are positively thigmotactic, showing a distinct ten- 
dency to accumulate in masses and to orient themselves in such a way 
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that a maximum of contact with the sludge and the filter-bed rock is 
secured. 

The maximum life-limit temperature for these organisms is very 
near 36 degrees Centigrade. In temperatures ranging from 25 to 10 
degrees no difference in the activities of the worms was noticed, but 
from 10 to 2 degrees activity was reduced. They can live in a tem- 
perature of 5 degrees for days and even weeks. 

These worms require an abundant supply of oxygen. Continued 
low dissolved-oxygen content in the medium has a deleterious ef- 
fect, and the great abundance of these forms in the sprinkling filters 
is due in part to the high dissolved-oxygen content of the sewage 
which comes in contact with them. They can not thrive in crude 
sewage. 

The worms show a distinct recognition of the presence of sludge, 
and react positively to it. In the sprinkling filters they loosen up 
the accumulating sludge and work it over, thus facilitating the oxida- 
tion of the unstable organic matter. Circumstantial evidence indi- 
cates that it is at least partly through the agency of these worms that 
the ^'unloading" of the sprinkling filter occurs in spring. 

Experiments have shown that these worms increase the putresci- 
bility of the sewage in which they occur. This is a fact of economic 
importance. They thus interfere with the efficiency of the sprinkling 
filter and aid in rendering the sewage unstable, f aciliating anaerobic 
decomposition. In this jyarticular respect they are undesirable organ- 
isms in sewage disposal plants. 



BIBLIOGRAPHY 
Beddard, F. E. 

'95. A Monograph of the Order Oligochaeta. 769 pp., 5 pi., 52 

text fig. Oxford. 
'96. Oligochaeta (Earthworms and their Allies). Cambridge Nat. 

Hist, 2, Chap. 13 :347-39i- H fig- 
'05. On a New Enchytraeid Worm (Henlea lefroyi, sp. n.) from 
India Destructive to the Eggs of a Locust {Acridium sp.). 
Proc. Zool. Soc. London, 1905, 2 1562-564. 

'12. Earthworms and their Allies, vi+150 pp., 13 fig. Cam- 
bridge. 

Benham, W. B. 

'03. On some New Species of Aquatic Oligochaeta from New 
Zealand. Proc. Zool. Soc. London, 1903, 2 : 202-232. 3 pi., 
I text fig. 
'04. A Note on the Oligochaeta of New Zealand Lakes. Trans. 
N. Zealand Inst, 36:192-198. 

'05. On the Oligochaeta from the Southern Islands of the New 
Zealand Region. Trans. N. Zealand Inst., 37 : 285-297, 2 pi. 

'09. Report on the Oligochaeta of the Subantarctic Islands of 
New Zealand. Subantarctic Islands of New Zealand, Art. 
12:251-292. 2 pi. 

Birge, E. A., and Juday, C. 

'11. The Inland Lakes of Wisconsin. The Dissolved Gases of 
the Water and their Biological Significance. Bull. No. XXII 
(Sci. Ser. No. 7), Wis. (kol. and Nat. Hist. Surv. xx+259 
pp., 10 pi., 142 text fig. 

Bock, M. de 

'01. Observations anatomiques et histologiques sur les Oligo- 
chetes specialement sur leur systeme musculaire. Rev. Suisse 
Zool., 9: 1-41. 2 pi. 

Bretscher, K. 

'oca. Mitteilungen iiber die Oligochaetenf auna der Schweiz. Rev. 
Suisse Zool., 8:1-44. 3 pi. 

*oob. Siidschweizerische Oligochaeten. Rev. Suisse Zool., 8 : 435- 
458. I pi. 

'01. Beobachtungen iiber Oligochaeten der Schweiz. Rev. Suisse 
Zool., 9:189-223. I pi. 



206 

'o2. Beobachtungen iiber die Oligochaeten der Schweiz. VI. 
Folge. Rev. Suisse Zool., 10:1-29. 4 ^S- 

'03a. Beobachtungen uber die Oligochaeten der Schweiz. VII. 
Folge. Rev. Suisse Zool., 11:1-21. i pi. 

'03b. Oligochaeten aus Graubunden. Rev. Suisse Zool., 11 :ii3- 
122. 

'04. Beobachtungen iiber die Oligochaeten der Schweiz. VIII 
Folge. Rev. Suisse Zool., 12 : 259-267. 

'05. Beobachtungen iiber die Oligochaeten der Schweiz. IX 
Folge. Rev. Suisse Zool., 13:663-677. 

'06. Uber ein neues Enchytraeidengenus. Zool. Anz., 29:672- 
674. 

Cejka, B. 

'10. Die Oligochaeten der Russischen in den Jahren 1900- 1903 
unternommenen Nordpolarexpedition. I. Uber eine neue Gat- 
tung der Enchytraeiden (Hepatogaster). Mem. Acad. Sci. 
St.-Petersb. (8), 29, No. 2:1-29. 3 pi. 

Cognetti, L. 

'01. Res Italicae III. Gli Oligocheti della Sardegna. Boll. Mus. 
Zool. ed Anat. comp. della R. Univ. di Torino, 16, No. 404:1- 
26. I pi. 

'03. Res Italicae VIII. Enchitreidi del Cadore. Boll. Mus. 
Zool. ed Anat. comp. della R. Univ. di Torino, 18, No. 

454:1-3- 
'05a. Sui peptonefridt degli Oligocheti. Boll. Mus. Zool. ed 
Anat. comp. della R. Univ. di Torino, 20, No. 512:1-2. 

'05b. Gli Oligocheti della Regione Neotropicale. Parte prima. 
Mem. Accad. Sci. Torino (2), 56:1-72. i pi. 

Cuenot, L. 

'97. fitudes physiologiques sur les Oligochetes. Arch. d. Biol., 
15:79-124. 2 pi. 

Dequal, L. 

'12. Descrizione di un nouvo Enchytreide, Fridericia gigantea n. 
sp. Boll. Mus. Zool. ed Anat. comp. della R. Univ. di 
Torino, 27, No. 652. 3 pp., 5 fig. 

Ditlevsen, A. 

'04. Studien an Oligochaten. Zeit. wiss. Zool., 77:398-486. 3 

pi. 



207 

Drago, U. 

'08. Una nuova specie del genere "Lumbricillus," "Lumbricillus 
russoi." Gioenia Sc. nat Catenia (5), Vol. I, Mem. 13:1-7. 
I pi. 

Eisen, G. 

'05. Enchytraeidae of the West Coast of North America. Harri- 
man Alaska Expedition, 12 :i-i66. 20 pi. New York. 

Evans, W. 

'10. The Oligochaeta (Earthworms and their Allies) of the Forth 
Area. Proc. R. Phys. Soc. (Edinburgh), 18:109-124. 

Freudweiler, H. 

'05. Studien iiber das Gefasssystem niederer Oligochaten. 
Jenaische Zeitschr., 40 : 383-422. 2 pi. 

Friend, H. 

'02. Studies in Irish Enchytraeids. Irish Nat, 11:110-115. 

*iia. New British Enchytraeids. Journ. R. Micr. Soc, 191 1, 

730-736. I pi. 
'lib. The Distribution of British Annelids. Zoologist (4), 

15:142-146, 184-191, 367-374. 
'lie. New British Henleas. Zoologist (4), 15 : 464-468. 

'iid. Annelid Fauna of Cumberland. Naturalist (London), 
1911:197-199. 

'lie. Enchytraeids of the North of England. Naturalist (Lon- 
don), 191 1 : 289-293, 318-321. 

'iif. New Records for British Annelids. Naturalist (London), 
191 1 :4ii-4i7. 

'12a. New British Oligochaets. Zoologist (4), 16: 220-226. 

'12b. British Enchytraeids. III. The Genus Fridericia, Journ. R. 
Micr. Soc., 1912:9-27. 14 fig. 

'i2c. British Enchytraeids. IV. The Genus Henlea. Journ. R. 
Micr. Soc., 1912:577-598. 12 fig. 

'i2d. Irish Oligochaets. Irish Nat, 21:171-174. 3 fig. 

'13. Irish Oligochaets. Irish Nat, 22:7-11. 3 fig. 

Fuller, G. W. 

'12. Sewage Disposal. 767 pp. New York. 

Hering, R., and Lederer, A. 

'11. Report of the Committee on the Purification of Sewage. 
Journ. Am. Med. Assn., 57:1903-1907. 



208 

Issel, R. 

'04. Due nuove Fridericia. Atti Soc. ligust. Sc. nat. e Geogr. 

Geneva, 15:31-39- ^7 ^S- 
'05a. Materiali per una fauna deirArcipelago Toscano. Isola 

d'EIba. III. Enchitreidi delllsola d'Elba. Ann. Mus. Stor. 

Nat. Geneva (3), 2:5-8. 5 fig. 

'05b. Oligocheti inferiori della fauna italiana. I. Enchitreidi di 
Val Pellice. Zool. Jahrb., Abt. Syst., 22 : 451-476. 2 pi. 

'06. Un Enchitreide ad AmpoUa spermatecale unica. Atti Soc. 
Nat. e Mat. Modena (4), 777-79. i fig. 

Lederer, A. 

'10. The Influence of Storage and Various Preservatives upon 
the Dissolved Oxygen in Waters. Sewage Disposal Investi- 
gations, The Sanitary District of Chicago, pp. 1-14. 

'12a. The Modem Sewage and Water Problem. The Clinique 
for August. 8 pp. 

'12b. The Relation of the Putrescibility of the Settling and Non- 
settling Suspended Matter in Sewage. Am. Journ. Public 
Health, Feb. 6 pp. 

'i2c. Chemistry of Sewage Purification. Journ. Western Soc. 
Engineers, 17:677-692. 

Maule, V. 

'08. Sympaticka soustava nervosa Enchytraeidu. Sitzungsber. 
bohm. Ges. Wiss. Math. -nat. CI., No. 9:1-21. For resume 
in French, see pp. 13-17. i pi., 2 text fig. 

Michaelsen, V. 

'86a. Ueber Chylusgefasssysteme bei Enchytraeiden. Arch. f. 
mikr. Anat, 28: 292-304. i pi. 

'86b. Untersuchungen uber Enchytraeus mobii Mich, und andere 
Enchytraeiden. 50 pp., 3 pi. Kiel. 

'89. Synopsis der Enchytraeiden. Abh. Nat. Ver. Hamburg, 
11:1-59. I pi. 

'00. Oligochaeta. Das Tierreich, 10 Lief. XXIX+575 pp., 13 
fig. Berlin. 

'01. Oligochaeten der Zoologischen Museum zu St. Petersburg 
und Kiew. Bull. Acad. Sci. St.-Petersbourg (5), 15:137-215. 
2 pi. 

'03a. Hamburgische Elb-Untersuchung. IV. Oligochaeten. 
Jahrb. d. Hamb. Wiss. Anst., XIX (2 Beiheft) :i69-2io. i pi. 



209 

'03b. Die geographische Verbreitung der Oligochaeten. 186 pp., 
II pi. Berlin. 

'05a. Die Oligochaeten der deutschen Siidpolar-Expedition 1901- 
1903. Nebst Erorterung der H)rpothese iiber einen friiheren 
grosses die Siidspitzen der Kontinente verbindenden antark- 
tischen Kontinent. Deutsch. Siidpol.-Exped., 9:1-58. i pi. 

'05b. Die Oligochaeten der Schwedischen Siidpolar-Expedition. 
Wiss. Ergebn. d. Schwed. Siidpolar-Exped. 1901-1903, 5, 
Lief. 3:1-12. I pi. 

'05c. Die Oligochaeten des Baikal-Sees. Wiss. Ergeb. Zool. 
Exped. Baikal-See, i Lief. 69 pp., 9 fig. Kiew und Berlin. 

'09. Oligochaeta. Die Siisswasserfauna Deutschlands, Heft 13:1- 
66. 112 fig. 

'11. Litorale Oligochaten von der Nordkiiste Russlands. Trav. 
Soc. Nat. St.-Petersbourg, 42: Livr. i, No. 1-2. 5 pp., 2 fig. 

Moore, J. P. 

'02. Some Bermuda Oligochaeta with a Description of a New 
Species. Proc. Acad. Nat. Sci. Phil., 54 : 80-84. 2 fig. 

'05. Some Marine Oligochaeta of New England. Proc. Acad. 
Nat. Sci. Phil., 57 : 373-399. 2 pi. 

Phelps, E. B. 

'09. Putrescibility and Stability of Sewage Effluents. U. S. 
Geol. Surv., Water-Supply Paper 229, pp. 74-88. 

Pierantoni, U. 

'01. Sopra una nuova specie di oligochete marino (Bnchytraeus 
machrochaetus n. sp.). Monit. Zool. ital., 12: 201-202. 

Pointner, H. 

*ii. Beitrage zur Kenntnis der Oligochaetenfauna der Gewasser 
von Graz. Zeit. wiss. Zool., 98 : 626-676. 2 pi., 3 text fig. 

• Shelford, V. E., and AUee, W. C. 

'13. The Reactions of Fishes to Gradients of Dissolved Atmos- 
pheric Gases. Journ. Exp. Zool., 14 : 207-266. 

Smith, F., and Welch, P. S. 

'13. Some New Illinois Enchytraeidae. Bull. 111. State Lab. Nat. 
Hist., 9 : 615-636. 5 pi. 

Southern, R. 

'06. Notes on the Genus Enchytraeus with Description of a New 
Species. Irish Nat, 15:179-185. 7 fig. 



210 

'07. Oligochaeta of Lambay. Irish Nat., 16: 68-82. 2 pi. 

'09. Contributions towards a Monograph of the British and 
Irish Oligochaeta. Proc. R. Irish Acad., 27, Sec. 6:119-182. 

5 Pl- 
'loa. A New Species of Enchytraeid Worm from the White 
Mountains. Proc. Acad. Nat. Sci. Phil., 62:18-20. 4 fig. 

'lob. The Marine Worms (Annelida) of Dublin Bay and the 
adjoining District. Proc. R. Irish Acad., 28, Sec. B: 215-246. 

Stephenson, J. 

'09. Report on a Collection of the Smaller Oligochaeta, made by 
Capt. F. H. Stewart, I. M. S., in Tibet. Rec. Ind. Mus., Cal- 
cutta, 3 :i05-ii4. I pi., 3 text fig. 

'11. On some Littoral Oligochaeta of the Clyde. Trans. R. Soc. 
Edinburgh, 48: 31-65. 2 pi., 14 fig. 

'12. On a New Species of Branchiodrilus and certain other 
Aquatic Oligochaeta, with Remarks on Cephalization in the 
Naididae. Rec. Ind. Mus., Calcutta, 7: 219-243. 2 pi., 4 text 

fig. 

Sterling, S. 

'09. Das Blutgefasssystem der Oligochaten. Embryologische 
und histologische Untersuchungen. Jenaische Zeit. Naturw., 
44 .' 253-352. 9 pi., 16 text fig. 

Ude, H. 

'01. Die arktischen Enchytraiden und Lumbriciden sowie die 
geographische Verbreitung dieser Familien. Fauna Arctica, 
2:1-34. 2 pi. 

Vejdovsk^, F. 

'79. Beitrage zur vergleichenden Morphologie der Anneliden. I. 
Monographie der Enchytraeiden. 62 pp., 14 pi. Prag. 

'84. System und Morphologie der Oligochaeten. 166 pp., 16 pi. 
Prag. 

'06. t)ber die Nephridien von Aeolosoma und Mesenchytraeus. 
Sitzungsber. bohm. Ges. Wiss. Math.-nat. CI., No. 6. 11 pp., 
I pi. 



12. Standard Methods for the Examination of Water and Sew- 
age. 2d ed. American Public Health Assn., Laboratory Sec- 
tion, 1912. New York. 



211 

EXPLANATION OF PLATES* 

Abbreviations 

bl. s.,h\ood sinus. /. ^3^/., lining layer of cytoplasm. 

ch'L r'/.,chylus cell. lum. dig. Jr., lumen of digestive tract. 

rtV., cilia. /Mm. dtV., lumen of diverticulum. 

circ. mu., circular muscle layer. m., musculature, 

f/. c*/., clitellar cells. «., nucleus, 

cu/.^cuticula. or. tu. rfiV, origin of tubules of diverticulum. 

J. W. v., dorsal blood-vessel. />., peritoneum. 

ec.op.^edsA opening. ^^n. &. t.,penial bulb invagination. 
ec. sp'r. ^/.^ectal spermathecal gland. pen. /Mf».,penial lumen, 

^n . ^^. ?/., ental epithelial cell. pen. po.,^en\2X pore. 

en. op.,tx\td\ opening. ^^. y/. r'/., peripheral gland cells, 

^ff. xtir.,ental surface. r.w., retractor muscle. 

Ay^., hypodermis. j^.rf., sperm duct, 

in. b. r /., inner bulb cells. sp'r. d., spermathecal duct. 

in. r*/. c^n., intracellular canal. /M.dtV., tubules of diverticulum. 

Plate VIII 

Henlea moderata 

Fig. I. Outline of brain, dorsal view. 

Fig. 2. Outline of nephridium. 

Fig. 3. Seta bundle. 

Fig. 4. Spermiducal funnel. 

Fig. 5. Lympl^pcytc. 

Fig. 6. Outline of anterior end, lateral view. 

Fig. 7. Spermatheca. 

Fig. 8. Part of transverse section of digestive tract in region of taste organs. 

Fig. 9. Seta. 

Fig. id. Transverse section of intestine in posterior part of VIII, through origin 

of tubules of intestinal diverticulum. 

Fig. II. Transverse section through intestinal diverticulum. 

Fig. 12. Penial bulb in a transverse section of the worm. 

[Henlea urbanensis] 
[For explanation see under Plate XII] 

Lumbricillus ruiilus 
Fig. 13. Outline of anterior end, showing details of blood vascular system. 

Plate IX 

Lui/tbricillus rutilus — cont. 

Fig. 14. Spermiducal funnel, surface view. 

Fig. 15. Outline of nephridium. 

Fig. 16. Outline of spermatheca. 

Fig. 17. Sectional view of spermiducal funnel. 

Fig. 18. Transverse section of ventral gland in XIII. 

Fig. 19. Transverse section of ventral gland in XIV. 

Fig. 20. Outline of ventral glands in XIII and XIV, dorsal view. 

Fig. 21. Seta bundh. 

Fig. 22. Outline of brain, dorsal view. 

FiG. 23. Longitudinal section of spermatheca. 

Fig. 24. Penial bulb in a transverse section of the worm. 

*Illaatratioiia by the author. 
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Fridericia douglasensis 

Fig. 25. Diagram of the chief blood vessels in anterior region. 
Fig. 26. Superficial section of the clitellar cells. 

Plate X 

Fridericia douglasensis — cont. 

Fig. 27. Outline of nephridium. 

Fig. 28. Spemiatheca. 

Fig. 29. Spermiducal funnel. 

Fig. 30. Seta. 

Fig. 31. Outline of brain, dorsal view. 

Fig. 32. Penial bulb in a transverse section of the worm. 

Fig. ss. Part of longitudinal section of intestine in chylus cell region. 

Fig. 34. Peptonephridium. 

Fridericia oconeensis 

Fig. 35. Outline of brain, dorsal view. 
Fig. 36. Outline of nephridium. 
Fig. 37. Spermatheca. 

Plate XI 

Fridericia oconeensis — cont. 

Fig. 38. Part of transverse section through intestine in chylus cell region. 

Fig. 39. Peptonephridium. 

Fig. 40. Spermiducal funnel. 

Fig. 41. Transverse section through intestine in chylus cell region. 

Fig. 42. Penial bulb in a transverse section of the worm. 

Fridericia sima 

Fig. 43. Peptonephridium, . 

Fig. 44. Outline of nephridium. 

Fig. 45. Outline of nephridium of another form. 

Fig. 46. . Part of transverse section through intestine in chylus cell region. 

Fig. 47. Outline of anterior end. 

Fig. 48. Outline of brain, dorsal view. 

Fig. 49. Outline of longitudinal section through . spermiducal funnel. 

Plate XII 

Fridericia sima — cont. 
Fig. 50. Spermatheca. 
Fig. 51. Penial bulb i.* a transverse section of the worm. 

Enchytraus gillettensis 

Fig. 52. Outline of brain, dorsal view. 

Fig. 53. Outline of longitudinal section through spermatheca. 

Fig. 54. Outline of nephridium. 

Fig. 55. Outline of spermiducal funnel. 

Fig. 56.' Penial bulb in a transverse section of the worm. 

Henlea urbanensis 
Fig. 57. Spermatheca. 

Fig. 58. Penial bulb in a transverse section of the worm. 
Fig. 59. Intestinal diverticulum in a transverse section of the worm. 
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